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1. ABSTRACT

This report covers the work completed prior to the delivery of the
first prototypes of the Surface Geophysical Instrument for the Sur-
veyor Spacecraft. The instruments included are designed to measure
temperature, thermal diffusivity, magnetic susceptibility, density,
penetrability, and acoustic velocity of the lunar surface. For each
instrument a system and equipment description, report of testing

and calibration, components outline, description of packaging philos-
ophy, theoretical studies, and environmental test results, and a
recommendations section is included. A summary of quality assur-
ance practices employed is included which covers all six of the surface
geophysical instrumments,




2. INTRODUCTION

Under contract 250155 with the California Institute of Technology, Jet
Propulsion Laboritory, Texaco Experiment Incorporated has designed,
developed, conducted acceptance tests on, and delivered one set of
prototype instruments (P-1) for the Surveyor, the NASA soft-landing,
unmanned moon vehicle. This set of prototype instruments isdefined
as the Surveyor Gecphysical Instrument and consists of the Surface
Geophysical Instrument and the Subsurface Geophysical Instrument,

The Surface Geophysical Instrument is a group of separate instruments
designed tc condu<t certain experiments on the lunar surface. Threse
instruments include the Surface Temperature Instrument, the Surface
Thermal Diffusivity Instrument, the Surface Magnetic Susceptibility
Instrument, the Surface Density Instrument, which also contains an
Acoustic Sensor for the sonic-velocity experiment, a Surface Penetra-
bility Instrument, which consists of three Penetrometers, and a Surface
Acoustic Velocity Instrument, which consists of an Acoustic Source and
an Acoustic Sensor.

The Subsurface Geophysical Instrument or Subsurface Sonde contains a
group of instruments packaged in an e¢longated cylinder and designed to
conduct certain experiments in a hole previously drilled into the lunar
surface. The Subsurface Geophysical Instrument contains a Subsurface
Density Instrument, a Subsurface Acoustic Velocity Instrument, a Sub-
surface Magnetic Susceptibility Instrument, a Subsurface Temperature
Instrument, a Subsurface Thermal Diffusivity Instrument, and a Subsur-
face Caliper Instrument.

This report descr bes the design, development, and testing of the first
prototype (P-1}, Surveyor Surface Geophysical Instrument. Prior to the
work herein reported the Bellaire Research Laboratories of Texaco Inc.
conducted a seudy urder contract N-33552 with the Califoraia Institute of
“echnelogy, Jet Fropulsion Laboratory, on the feasibility of making
certain geophysical measurements on and in the lunar surface. Bread-
board models of the instruments designed to make the desired geophysical
measurements were designed, fabricated, and tested. The prototype
instruments developed at Texaco Experiment Incorporated and described
in this report were based on the instruments conceived at the Bellaire
Research Laboratories, Texaco Inc.

3.
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2.1 System Description

The interferometer spectrometer is a modified Michelson interferom-
eter which utilizes an ¢ ectromechanical mirror-dr:ve mechanism
and a boiometer detector to convert incident infrared radiation into
audio frequencies whose amplitude varies proportionally as the fourth
power of the differential temperature between the object being viewed
and the bolometer detector. The frequency of the resultant audio
signal is a direct function of the wavelength of the incident radiation.

The detected signal is amplified approximately 50 db between the
bolometer detector output and the instrument output by a three-stage
preamplifier physically located in the sensor head and a three-stage
postamplifier located in a remote electronic package.

The mirror-drive power is generated by a linear sawtooth generator
and amplified sufficiently to drive the mirror by appropriate elec-
tronic circuitry in the electronic package.

Bias voltages for the bolometer, resistance thermomneter, and tran-
sistor circuliry are generated by a dc~to-dc converzer and electron-
ically regulated within the electronics package. This electronic
package is designed to operate within the temperature-controlled
electronic compartment of the spacecraft. Power for this package is
taken from the spacecraft regulated 29-volt supply.

The optical section, or sensor head, contains an infrared window,
beamsplitter, stationary mirror, focusing lens, movable mirror,

bolometer detector, and thermostatically controlled heater.

3.1.1 Theory of Operation. The incident radiation enters the window

of the sensor head, strikes the beamsplitter, and is split at right
angles into two equal parts (A and B). The amplitude of the two parts
plus the losses in the beamsplitter and window equals the total ampli-
‘ude of the incorring wave.

Part A of the radiation for discussion purposes is reflected 90° by the
beamspluittci- towards the stationary mirror; part B is passed through
the beamsplitter to the movable mirror. Part B strikes the movable
mirror and is reflected back to the beamsplitter, where it is reflected
30° to the bolomet2r. When monochromatic radiation is being viewed



and the conc«tants of the svstem have been corrcctly chosen, the
optical path of part A of the incident radiation from the beamsplitter
to the bolometer is the same as the length of the optical path of part

3 from the beamsplhitter to the bolometer. When the path ‘engths

are exactly the same, the phase of the two parts of the radiation

are the same. and they add, or in optical terms, constructively inter-
fere with each other. When the optical distance traveled by part A
differs from the optical distance traveled by part B by one half of

one wavelength, the two beams are out of phase with each other and
therefore cancel, or in ontical terms, destructively interfere with
each other. When the path lengths are such tha! the two parts of the in-
cident radiation are additive. maximum energy is transferred by
radiation from the object being viewed to the beclometer detector.

This transfer of energy causes the bolometer, which has a low thermal
mass, to increase in temperature.

The bolometer detector is a carefully selected thermistor which has

a large change in resistance with temperature: therefore, the increase
in temperature of the bolometer causes a decrease in its resistance.
The bolometer, in operation, is fed by a constant current source, soc
that changes in bolometer resistance appear as voltage changes acrosse
the bolometer.,

When the path length of the two parts of the incident radiation are such
that destructive interference occurs, no energy is transferred to the
bolometer, and its temperature returns to that of its surroundings.
Hence, no voltage change is apparent across the bolometer.

Assume that the movable mirror is moving towards the beamsplitter
starting from a point at which the path lengths of part A and part B of
the incident radiation are the same. At this time there is constructive
interference, and maximum energy 1s transferred to the bolometer.
As the mirror moves . the path length of part B becomes shorter, and
the phase o! part B to part A shifts until it is 130" phase-shifted when
the optical »ath length is one-half wavelength shorter than when cor -
structive interference occurred. At this time part A is cancelled by
part B, and no energy reaches the bolometer. As the mirror con-
tinues to move, the phase of part B continues to shift until it is again
in phase with the radiation of part A. At that time constructive inter-
ference again occurs. When the mirror 1s moving continuously parts
A and B of "he radiation are continually going through constructive
and destruciive interference patterns at a rate which i1s proportional

-8-



to the velocity of the movable mirror and the waveiength of the inci-
dent radiation. Therefore, the bolometer, which ‘s alternately
heating and cooling, causes a voltage which is related to the velocity
of the mirror and the wavelength of the incident radiation. The fre-
quency of this voltage change is proportional to the velocity of the
mirror and the radiation wavelength, while its ambolitude is propor-

tional to the armount of radiant energy entering the window.

Assume a wavelength of incident radiation, X;, in microns, and a
mirror velocity, V. Also, assume a second wave'length, X,, such

that X, 1is a shorter wavelength than X,. Inductively, the constructive
and destructive interference patterns will occur at a faster rate for

X, than they will for X,; that is, the mirror moves shorter distances
(one wavelength) between constructive peaks of X, than for X,. There-
fore, the frequency at which interference peaks occur is inversely
proportional tc the wavelength of the radiation.

The audio-frequency output, F3, from the bolometer is a function of
wavelength, A\ , and mirror velocity, Vi, or

Fa = NVy, (1)

where N is the wave aumber (1/i}.

The moving mirror is coupled to the armature of an electromechanical
transducer. The armature ;s driven by a ramp-function electrical
signal which is generated in the electronics packagze. The shape of
this ramp function is given in Figure !. During the time interval t,
the mirror progresses from one end of its excursion to the other. The
total mirror travel, 3, is a function of the ramp-function voltage, V;.
Its velocity, V., then is the total distance traveled, B, divided by t,
the travel time, or Vi, = B/t;. Substituting this in Equation 1 gives

Fa = NB/t, {2)

Thereiore, the audic-irequency signal generated by the bolometer is
determined by the wavelength of the incident radiation, the mirror sweep
time, t;, and the amplitude of the sweep voltage, V;, since B, the mirror
travel, is a function of V.

When monochromatic radiation is being detected, there will be a single
cdiscrete audio frequency present in the bolometer output. When the

-9-
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incident radiaion is composed of a band of frequencies, the audio-
frequency output from the bolometer will be an interferogram which

contains the audio frequencies corresponding to the entire band of
radiation.

If the entire band of radiation is not present because of the selective
absorption of some particular wavelength, there will be a similar
gap in the audio-frequency spectrum. Therefore the output from

the spectrometer can be used to identify materials which have selec-
tive infrared absorption characteristics,

3.1.2 Interpretation of Data. The output from the bolometer con-
sists of a spectrum of audio frequencies, the band width of which is
determined by the incident radiation upon the spectrometer, the
cut-off characteristics of the optical material used for the lens, the
mirror travel, B, and the travel time,t,.

The amplitude of each of the audio frequencies is dependent upon the
energy contained in the wavelength of the incident radiation.

Plancks Radiation Formula states that the emissive power of a black-
body at wavelength, &, is

Eh = Cyk /lexp C,/AT - 1)

whnere C; and C, are constants and T is the absolute temperature in
degrees Xelvin, and the exp term represents a power of e.

The Stefan-Bolizmann Law states that the energy transfer between two
blackbodies is

E=o(T,* - T,

where ¢ = Boltvmann constant

-

1y 7 absoluwe temperatire of {irst body

T, = absclute temperature of second body

Since the average bolometer temperature is accurately monitored by

a resistance thermometer, an analysis of the spectral distribution of
the radiation interchange between the bolometer ard the object being
vizwed allows the absolute temperature of the object to be computed
accurately by application of these two radiation laws (1) (see Appendix A).
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3.1.3 Precision of Measurements. Itis obv-ous from the discussion
of section 3.1.1 that the 1dentification of a particular wavelength of
radiation is dependent upon, among other things, the sensitivity of
the bolometer, the accuracy of the total mirror travel, 3, and the
mirror velocity, V.

Other factors inf‘(uen'cing the detection of a single wavelength of
radiation are the noise output of the detector and amplifier, the
relative adsorption characteristics of the optics for the wavelengths
in question compared to other wavelengths, and the resolving power
of the spectrometer.

3.1.3.1 Effect of changes in mirror travel time.
Consideration will be given below to the effect on audio-fre-
guency output signals with changes in t;. In the event t, in-
creases or decreases by some quantity At because of tem -
perature effects on the electronics, it will affect the audio-
frequency of the output signal as shown below:

B
. F.= N—
a tl T+ At (3)

where
F3 = audio frequency
N = wave number
B = mirror travel
t; = travel time

A&t = smail change in t

When the travel time increases a small amount Equation 3

recomes

B
¥y - AF; = N —
2 2" Ty o+ oat
where I'a - AFa is the audioc frequency when t is increased
by At. When the travel time decreases by a small amount,
At, Equation 3 becomes

“12-
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- . B
Fa t8Fa =N TR

where F3 + AF, is the audio frequency when t is decreased
by a smali amount At. Solving for Fa in both equations and
equating we have,

NB NB
e 4 AF . = ———— . AF
ty + At a4y - At a
nBar
2 - At? a

and neglecting At?,

NBAt
F, ¥ ——
AlF g 4,2

The ratio of AF, to F, is then

NBAt/4?
AFa/Fa = .—I_\Iﬁg/—t:j—

AF, = FaAt/y

Therefore the change in audio frequency due to a change in
travel time 1s the audio frequency which weuld be present
if there were no error times the ratio of the change in
travel time to the total travel time.

Effects of changes in sweep amplitude.

The total mirror travel, B, is directly proportional tc the
sweep amplitude voltage, V,. This voltage may change when
the temperature of the electronic package is varied.

o
n
»
8]
R
-

y the same :ine of reasoning as in secton 3.1.3,1 it can
be shown that the ratio of the change in audio frequency, AF,,
to the true frequency, Fa, is:

AFa = FaAV/vl

where AV is the change in voltage.



3.1.3.3 Analysis of variation in output due to changes in sweep

amplitudes and sweep lengths.

The present interferometer measures the infrared radia-
tion from 5 to 25 u, which corresponds to wave numbers
from 2000 .to 400. With the ideal swee» constants of the
device, the audio frequencies corresponding to these
wave numbers range from 150 to 30 cps.

The spectral resolution of the device is about 80 wave num -
bers, which corresponds to an audio resolution of ¢ cycles.
As an examnple of the error in audio frequency caused by
changes in t;, the mirror travel length, consider the fol-
iowing example., Assume the At/t, ratio is 0.01; then the
variation of audio frequency due to this error is 0.0) Fj.

At 30 cycles this is an error of #0.3 cycles and at 150
cycles, an error of £1.5 cycles, which in each case is be-
low the resolution of the device.

It is evident then that the ratio of the At/t, must be greater
than 0.04 before there will be a significant error in output
audio frequencies from a change of t,. Likewise, the ratic
of the voltage change of sweep, AV;, to the normal voltage,
V,, must be held to less than 0.04 to keep the error to a
minimume.

Notes on checkout of Iota-001 interferometer.

Procedures ior operational checkout of the interferometer
for the most part follow logically those indicated by Block
Associates (2). Points covered here are largely an expan-
sion of those directions.

It is of critical importance to delineate the instrument be -
havior with respect to stability of operation and calibration.
Stahility tests should demonstrate both electrical and mechani-
cai behavior of the wavelength scan sysiem and the electrical

and optical aspects of the instrument gain. Optical and mechan-

ical behavior will generally have to be deduced by comparison
of over-all and electrical characteristics, Calibration con-
sists of the generation of a normalization of instrument wave -
iength response curve and also investigation of the results tc
be ¢xpected as a function of difference between object and in-

strument temperature, Both stability and calibration tests should

ape !l out instrument behavior as a function of:

14
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(b)

instrument operating temperature., Although hopefully
instrument temperature will be thermostated at 40°F,

it is necessary to investigate behavior over at least a

40° £30°F range.

Temrperature cycling of instrument. During blastoff
and during the flight to the moon, the device will prob-
ably be temperature-cycled several times, and the ef-
fects of this on its cperation should be determined.
Most probable detrimental effecis will be on optical and
mechanical characteristics.

Instrument operating time. It is possitle that the thermal
and mechanical equilibrium may not be attained in the

instrument until some time after turn-on.

Two other points (at least) should be noted; namely, (a) many

of these tests can be run simultaneously if the data collection

is organized efficiently, and (b) testing should be programmed

so that potentially destructive tests (such as high-temperature

operation) are run late in the series.

3.1.4 General Test Discussion. After setup and interconnection of the

instrument and electronics the following should be checked both initially

and at suitable inervals to detect draft.

1‘

Actuator coii wave forms.

a. Ramp voltage timing

b. Ramp voltage amplitude

c. Flyback and dead time

d. dc bias applied to minor actuator coil

Boilometer bias voltage
Noise level in amplifier output

Bower-supply voitages

A gqualitative check for proper operation of instrument can be obtained

with a hot soldering iron as a source mounted about 5 inches away from
the interferometer. A typical interferogram waveform will be seen in

nostamplifier output.



3.1.4.1

3.10402

Audio frequencv versus oplical wavelength,

A Tilter is used to 1solate from a hot blackbody source a band
of radiation narrow compared to the instrument resolution
hmit. For these instruments resolution is an approximately
ccnstant B0 wave numbers for the whole spectral region, and
the wavelength resolution can be calculated from AN/N= A\/\,
where N is the wave number and \ is the corresponding wave -
length, Thus for a wavelength of 5 u corresponding to a wave
number cf 2000 the wavelength resolution, A\A , 18 about
8¢/2000 or 0.04. When the instrument aperture is filled with
the radiation from this filter . the insirument output will be
principally a pure sinusoid,

Measurement of the instrument constant relating wave number
(or wavelength) to frequency 1s best done with a wave analyzer.
Wave analyzer bandwidth should be consistent with spectral
resolution of the interferometer. As an example of the factors
involved consider the following., The wave-number region
covered by these instruments is from 2000 (54) to 400 (25 )

or a total of 1600 cm ™", The resolution is 80 cm'l, sO
gqualitatively the spectral region is divided roughly into
1600/80 = 20 independently measured intervals. Ideally,

this wavelength region should be modulated to the audio-fre-
quency range of 30 to 150 cps, and if this frequency range is
divided by the wave-analyzer bandwidth into 20 uniform inter-
vals, then the analyzer bandwidth wil! be consistent with the
spectral resolution. This gives 6 cps as a reasonable wave-
aralyzer bandwidth. The bandwidth should not be narrowed
much more than this because there 1s also a "'fine structure
modulation' duc 10 scan-mirror repetition rate (about 3 cps),
which is superimposed on the instrument output, and it is de -
sirable to "smear' or average this out in the wave -analyzer
output.

Since the fundarnental interpretation of the interferogram de -
pencs on the wavelength to audio frequency calibration, it is
evident that drift and temperature sernsitivity in this parameter
skould be measured very carefully.

Linearity of scan-mirror motion.

The instrumental setup for measuring this is the same as for
wivelength-to-frequency cahhbrauion; that is. the interferom-
eter aperture should be filled with essentially monochromatic
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3.1.4.3

3.1.4.4

radiation from an interference filter. If the scan-mirror
motion is nonlincar, the resulting output audio frequency
will vary accordingly during the sweep. Fcr instance, if

a 5-u fi'ter is used, the output frequencv should be 150 cps;
if by the end of the sweep the scan mirror velocity has
dropped off by 10%, then the ou'put freqguicncy would have
dropped to 135 cps. Therefore, the instrument output
mixed with a sine wave of the same frequercy from a stable
oscillator will show beats if the interferomeoter output fre-
quency changes. It1is instructive to calculate the magnitude
of effec's which may be observed. For a 5-p radiation line
generating a 150-cps audio signal, there will be 44 cycles
in a single 0.294-sec scan. Nonlinearity of 1 part in 50
(which is the maximum permitted) would yield about a 1-
cycle beat in this scan time; this probably would be plainly
visible if the oscilloscope scan were adjusted to permit
observation of the whole mirror scan. If, on the other hand,
a tenth of the mirror scan were observed on the scope, it
would be easy to misinterpret the oscilloscope display.,

For this test it is important that the filter fill the aperture

of the instrument and be at approximately the same tempera-
ture as the instrument. Otherwise, radiation of the other

than the test wavelength will be observed by the interferometer
and will produce corresponding audio frequencies which will
tend to beat with the oscillator and obscure the interpretation
of the observed scope pattern.

Linearizy of scan mirror driving voltage.

The ramp voltages which drive the mirror must be linear so
that the resultant mirror motion will not be distorted by non-
linearities in the ramp voltage. The linearity can be checked
by applying the drive voltage output to the external sweep of

an oscilloscope and intensity modulating the sweep with a cali-
Srated t'me marker. If the ramp voltage is linear, the intensity

moculat:on pulses will occur evenly spaced over the full sweep.

Calibration of interferometer response.

When a wavelength-resolving ideal instrument such as a spectrom-
eter or scanning interferometer at temperature T; looks at a
olackbody at temperature T,, it sees the difference in spectral
distribuion for the two temperatures, called the differential

17 -



radiance. The output curve for a nonideal instrument will
not have the same proportionality constant for all the wave-~
lengths of the differential radiance, and so an instrument
calibration as a function of wavelength must be developed.
The calibration consists of producing an instrument curve
for a blackbody at some reasonable termperature and com-

paring the instrument curve with the theoretical calculable

4 Bad R4

2.

differential radiance.

Fastors influencing inter{ferometer cliibration.

(a)

(o)

(c}

=
(="
—

e,
ey
S’

The temperature differential betwezen the instrument

<nd the source must be large enough to ive a high
g g £ g

signal-to-noise ratio in the instrument output.

The source must be truly a blackbody (or have a cali-

L,rated emissivity) and should fill the interferometer

aperture without heating the instrument case. To this
end the instrument case should be in good thermal con-
tact with a fixed temperature heat sink and the instru-
ment temperature should be measured with an accuracy
of 0.1°C. Measurements should be made to determine
whetner there is any excessive time lag or actual dif -
ferential between the instrument case temperature and
the temperature indicated by the :nternal resistance

thermometer.

Absorbing gases such as water vapor or carben dioxide
must be excluded from the optica! path between the source
4nd interferometer. One means of doing this is to flush
<he space surrounding the setup with dry nitrogen gas.

“The wave -number scale should be expanded on the output
strip chart to permit easy interpclation. Reasonable in-
terpolation based on resolution considerations requires
>0 to 30 individual poinis; therefore, 8 to 10 inches would
appear reasonable for the waveiength scale 2xpansion.

The maximum amplitude on the output strip chart should
e consistent with the signal-to-noise ratio.

The temperature of both source and instrument must be
kept constant to the desired accuracy for the duration of

-18-
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the calibration test run, Since, as is discussed below,
the analysis time required for one run is about 60 times
the measuring time, it may be convernient for very ac-
curate calibrations to put the measured data on magnetic
tape and analyze the tape. In this case the time duration

f the temmperature-stability requirement is reduced by
the factor of 60,

(g) An averaping filter should be inserted between the wave -
analvzer output and the strip-chart recorded to smooth
the strip-chart record. This will also have the henefit
of defining the number of individual irterferometer scans
which are being averaged. If, for instance, it is desired
to average 10 interferometer scans, the time constant of
the averaging filter should be roughly 3 sec since each
scan requires 0.3 sec. The use of such a {ilter in turn
limits the rate at which the wave-analyzer frequency can
be swept. Since as indicated previously the interferom-
eter output frequency range of 30 to 150 cps is in essence
divided into roughly 20 independent intervals, the use of a
second averaging {ilter necessitates looking at each interval
for at least 3 sec, so the total frequency sweep must take
at least 60 sec. Allowing a time factor of three for overlap,
this implies a maximum frequency sweep rate of 2/3 cps
per sec for the wave analyzer. We can visualize use of
even longer time-constlant averaging filters, up to pos-
s1bly 100 or more scans. For such tests instrument and
source stability is required for much longer periods, and
the use of a tape system becomes almost necessary. Note
that it is neccssary to use a tape loop long enough to con-
tain at least 100 scans to obtain the full benefit from

averaging 100 scans.

Obviously one can average severa. strip chart records in-
sread of using one long-average record Oy one Can even
avarage several calibration curves. The relative merits

of such procedures have to do with considerations of system
drift, statistical errors, and efficiency in use of time.

{h) A calibration should be made of interferometer noise output
as a function of audio frequency. This is necessary for the
purpose of subtraction from low-leve! signals derived during

-19.
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measurements where the source-to-instrument tem-
perature differential is small. This measurement is

of significance only if the analyzer band width and
averaging filter time constant are recorded. For
general information 1t would also be desirable to check
the rioise with a dummy load substituted for the actuator.
This would show how much of the low-frequency noise

is due to thermal fluctuation, actuator crosstalk, or
microphonics,

3.1.4.6 Dectermination of gain stability of interferometer.
It 1s very possible that 10 obtain the temperature resolution re-
guired at a low-temperature differential, the interferometer
will have to be used as a total radiation detector. (This is
iike!y because of the limitations of the Hughes analog-to-
digital converter.) In view of this it is desirable to calibrate
the over-all gain of the interferometer amplifier as a func-
tion of temperature. This is probably best done by accurately
measuring the instrument output while calibrating the wave-
length-to-frequency factor. Note that even at constant source
temperature the instrument response as a function of instru-
ment temperature should vary as T*, since the instrument
detector is heated by radiative transfer from the source.

3.2 EXquipment Description

An outline and mounting drawing of the Surface Temperature Instrument
is shown in Figure 2.

3.2.1 Sensor Head. Length, 5.082 inches; diameter, 1.25 inches; and
weight,0. 56 Ib.

3.2.2 Platter {Electronics Package). Length, 2,70 inches; width, 4.00
inches; depth, 0.917 inch; and weight, 1.291 1b.

(WY
~N

3 Power Requirements. Current, 120 ma: and veoltage, 29 v dc.

Q

w

.3 Testing and Calibration

3.3.1 Resuits of Functional Tests.
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3.3.1.1 Platter functional tests.

The platter functions were tested at temperature extremes
to determine variations of total travel ‘ime, t, sweep length,
13, and bolometer bias voltage ripple with temperature. Table

v

1 skows the test temperatures and results,

TABLE 1

TEMPERATURE EFFECTS ON ELECTRONICS

Sweep-drive Output

Temperature, Time Dura- Bolometer Bolometer Bias
°F Amplitude, v tion, msec Bias, vdc Ripple, mv
¢ 1.3 270 260 16.5
77 1.3 255 260 21.0
100 1.3 ~ 260 261 23.5

Sweep-drive output characteristics were obtained {rom the photo-
graphs in Figure 3 for the different temperatures. Time dura-
tion in Table 1 is the total period, or t;. Sweep-drive amplifier
output linearity was measured at 0 and 100°F. The interferom-
eter sweep was used to drive the external sweep of an intensity
moculated oscilloscope. Intensity modulation was accomplised
by applying the 25-volt output of a time marker generator to

the cathode of the cathode-ray tube. Table 2 shows the results
of test.

TABLE 2

SWEEP LINEARITY AT TEMPERATURT EXTREMES

Temperature, Distance between 5-msec Marks, mm
°F Start of Sweep Middle End of Sweep
0 . 1.6 1.8 : 1.7
100 1.5 1.8 1.6

-22-
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The iz formation shown in Table 2 was obtfained by mecasuring
distarces under 10x magnification between 5-msec pulses on
the protographs in Figures 4a and 5a for the two temperatures.
Figures 4b and 5b show results of amplifving the output an
unmezasured amount before applying it to the external sweep

of oscilloscope. Note increased distance between markers.
The accuracy obtained in measuring linearity by this method
canno! be defined at this time.

3.3.1.2 System functional test.
With ‘he sersor viewing a blackbody which was at a *empera-
ture ¢f 399°K a spectrogram was obtained (Figure 6). From
this spectrogram the total absolute response (TAR) for the
instrument was calculated in Table 3. Figures 7, 8, 9, and
10were obtained for the sensor viewing the same blackbody
as that for Figure 6 at temperatures of 324°, 278.5°, 250°,
and 232°K, respectively. The blackbody tempe: : tures were
then calculated as in Tables 4, 5, 6, and 7, respectively.
The calculated values were compared with the measured
values and the results listed in Table 8. The detailed test
procedures are given in TE]I Acceptance Test Procedure
387-212-89 (1).

3.3.1.3 Summary of objective and results of experiments.
The objective of the funciional tests listed in this report was
to prove that the instrument is capable of determining the
surface temperature of the moon using its infrared spectro-
graphic characteristics. The test results are not conclusive.
System errors induced by test procedures far exceed the
minimum error allowed for the system. These errors are
explained 1n detail in the TEI letter dated April 11, 1962
to J. J. Thomas/E. L. Brown (Appendix B).

3.3.2 Results of Developmental Tests. The developmental tests per-

ormed &t Block Associates are inciunded in their final report (3).

3.4 Components Outline

The components listed in Table 9 are deviations from JPL preferred
parts list. An explanation for the deviations are included.,

o e st
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FIGURE 6. SPECTROGRAM I



TARLE 3

TOTAL ARSOLUTE RESPONSE CALCULATION

Blschbody Tempurature, 399°K

N, at N, st

Wave Spectrograem Wavelength, son K, * 399°K,"
No.ym Voltage, mv »/em et w/em-er
o 9. 9%% 3 0. 96494 1. 490
yse 8.6

400 1.609 25.¢ 2.22¢ 3.7T0
a0 2.2

%00 2,742 20,9 .99 7382
ss6 6.2

s00 .07 16.7 $.963 il
oo 8.4

100 3. 008 s .90 1. 42
750 .3

voo R iz v, 58y 2305
1" e

00 z.30% il 10,69 23.00
50 o,y
1000 5.943 i0.0 Vioa 33,52
10% ¥. 30
1100 i.eyr 9.10 1138 ¥1. 87
1150 6. 70
1200 .30y a5 [T ¥ o
12% 9.00
1300 5.0%4 1.70 0. 26 LYW
1350 7. 40
1400 s. 7770 .13 ¥.315 4i.%0
iese -“w
1500 . 55% 6.66 9.080 40.60

@
Absolute specirai radiance in terme of wovelength,
L3
Abeolute specirai radiance in terme ol wive namber.

< Total absclwe response.

Sensar Temparature, 308°K

an_

0. %406

3. 360

6.017

4. 510

3.%¢

3.yl

2z1.06

25,72

yo. 92

32.19

3L 54

1108,
sl 9
©25.0
492.8
400.0
3.2
8.9
231.2
204. 5
irs.e
156. %
i29.2
123.2
V1o,
3100.0

90. 2%
82,85
75.69
12.93
64.00
59.29
$e. 76
$1.12
47,61
44,3

9688

13,440

16,785

19,458

21,2430

42,085

22,080

2,29

23,40

le. 33

36,4%

14,438

<1601

« 2040

- 1829

« 1547

- 2%

- 1044

~Ong2

+076¢

«263%

<O878

~0472

it K
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FIGURE 7. SPECTROGRAM I1I




sl

BLACKBODY TEMPERATURE, 14.5°C
SENSOR TEMPERATURE, 30°C
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FIGURE 8. SPECTROGRAM III
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BLACKBOOY TEMPERATURE, -23°C
SENSOR TEMPERATURE, 23°C
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TANLE S

nIACKBODY TEMPERATITE CALCULATION AT 2
Sensor Temperature, Y0)°X

M, at Wy at
Wave Spectrogram  Wivelangth s e sorex® anY TARS Blackbody
Mo, w Yoluge, mv A 100 em wiem-ar w/c<m-er AN 107 pw/em-or my/v/cm-er Temp. {calc.), °K
3 300 ©.8000 AN | D.4R7T 0.9208 0,431 108, 479 PREYSS 2y
3s0 .6 TER)
o 0.6000 5.0 L 80y 1148 0,571 825.0 {13Y] L1461 24
a0 22,2 w920
500 . 0.8n00 20.0 2,746 Y. 82% 1.07% 4000 436 « 7060 2408
sso 10.2 w2
00 1.100 16.7 V.82 s. 678 2.1% 8.9 6018 L1829 2t
N .50 15.4 2372
100 1.0%0 14,3 [RTY) 7. 48 [TL) 104.% o187 L1547 290
%0 Wy i7s.9
®00 0.9500 W.s CREEY 2. 960 4 Be7 1563 5% RN 232
i &30 1t.e 129t
) v00 8.4200 il 5.5% 9. 968 5.378 1202 %8 Li0es 248
5o 0.y 1o,y
1000 0. 7500 0.9 V. QMY FLX 1 8. 503 100.0 85093 .oReg 224
10%0 ¥.%0 90. 25
3 1100 0.6170 9.10 3.7420 30. 43 9. 688 82,83 aors L0769 20
1150 °.70 7%.69
1200 25100 R3¢ 3. 7600 70,76 10.9¢ 72.9% 7985 L0439 208
! 1250 9.00 66.00
1300 0.3050 970 3,529 v 20 a8y 59.2¢ 30 .osT8 21
‘ V350 7.40 T
5400 9. <800 1.38 RS s et 9. 89 8132 10, 169 LoaT2 e
1439 [ .0
: 1300 9. 4300 .. 6 a.07 PRTYY 29,26 YR 5.1 -0388 0

Averags 28!
Errer *» 2.

. .
Absolute spectral radiance in terme of wavelength.

L]
Absolute spectral radiance in serms of wave nwnber.,

< Total adeclute response.
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TARLE ¢

o TARS Black
Wavelongth, so"K®, . ackbody

Norn  varmpe e Aeto e e my/pefemeer  Tamp. Lealealy K.

300 .516) A} 0.7098 V. AR10 0.1752 1708, inuy . iH87 b3y

3%0 28,5 a9

400 ~9%394 5.0 i. % 2.0 0.%19% W50 3247 <1664 261

450 22.7 492.8

s00 .802% 20.0 PP 3R 1, 996 0. 9R3% 400, 0 3%V . 2040 264

550 N2 V2

+00 8158 V6.7 3. hR8 s.2u7 1.%99 278.9 4450 1829 264

650 15.4 2372

700 749 ie, 4,527 6.89% 2.8 204, % 48e) . 1%47 68

750 1S 175.9

200 e RS 5, 6v¢ 8.17 S04 1563 4912 L1zes 264 i
FTY) FLe 129.2 '
900 9181 i, .94y . 99% 4.012 1282 4943 . - 1044 263 ;
950 T vio.y
1006 L6329 0.9 “ iz 9,320 «.908 100.0 «908 . o882 257 !
i0se e, %0 90. 25 ]
1100 <3685 9.0 J.u%8 Y. 2k $.7%2 az.8i 476% .076% 2%
1150 8.7 75. 69 '
;200 2997 6. e 2.4t . 902 6.6 72,93 4690 0639 282
2250 w. ne 64.00
1300 L2364 .79 i.one 8020 6.914 9. 29 an L0575 225
3% e 54.76
400 . 199 7.8 i T.08s .28 $1. 12 a2 0872 23
14%0 #.%9 47,61

1500 L1685 w00 V.18 6. 049 2778 4436 e L0384 v

Average 277
Error v 27°

s "
Ahsolute speciral radiance in terme of wavelength,
b&b-n)ul' wpeciral radiance 1n terms of wave nomber.

“Towl sbeolute response.




Weve Bpectrogrom Waveirnyta, 20mex”, xt, N TAR,® Pluckboky
LR ) _Yolage, my ~L,__!})_’:_cﬂ w/em-uy AN 107 em 107" pw/cm -ar ev/pw/im-ev Temp. (cale ), °K
300 ety 9.3 0.0923 ®.0777 2108, LT3 1667 284
3%0 n.e XX

0% 929 3.0 P11 2,010 0. 12%4 625.0 1%y T 4
«%0 2e.d G028

300 any 20.9 8. 324 3. 444 9. 3403 400.0 131} . 2040 mr
3¢ FCIY 331.2

00 .3107 16.7 4. 709 5. 398 0. 6092 218.9 1699 .1829 287
630 is.4 237.2

100 .3025 i4.5 $.10¢ 7,069 0. 93560 204.5 1985 L1847 86
750 i35 £78.9

s00 222 [P $.9%% 8.7 1,440 156, % 22% .32% 289
%0 i1.¢ §29.2

900 P73 n, 7.237 v. 266 2.029 123%.2 %02 L1064 02
L1 Ve.s 110,y

1000 . 2392 .9 6. 919 9,630 2.152 1000 2nz . 0802 a7y
1056 50 90.2%

1100 L2148 S0 8379 9. 547 ¥. 368 R2.R1 $3.1) .07y 7%
itse 6.7 75,69

1200 L1078 [ 5,227 9. 2%0 e.02) 72.9% F131Y .083¢ 27
12%0 8.00 £4.00

1300 L1477 .70 9. 047 0. 347 4.920 59,79 mr .0878 261
13% T.00 LI

1400 . less 1% 1.92% T.47Y 6154 st.12 Jes . 0472 237
1430 (% a8

1300 .1320 P 7Y 1.3%4 6. 3% 7.7% “.% 3438 .039e 247

TANLE ?

BLACKAODY TEMPERATURFE, CALCULATION AT 282°K

Sensor Tomperature, 298°50

", et

Average 278
Ervor o4

. .
Absolute spectral radiance in serms of wavelongth.

»
Abvsolute spoctral radiance in Jerme of wave nwnber.

<
Towa) adbenivee respomse.
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TABLE 8

BLACKBODY TEMPERATURE CALCULATION
ACCURACIES
Blackbody Blackbody
Temperature Temperature

Sensor
Temperature, °K

(Measured), K

(Calc.), °K

306

303

296

298

324

278.5

250

282

324

277

274

Error,
_°K__

+2.5

+27.0
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TABLE 9

COMPONENT DEVIATIONS FROM JPL

PREFERRED PARTS LIST

Component

Microdot Cable No. SO-3819MC - 30

Sealectro Ft-M2 WP20
Teflon Feed Through

Cambion Type 1785-A
Chessman

Cambion Type 1488-4
Solderlug

Fairchild 2N2049
Transistors in TO - 18 Case

Stevens MX-9
Thermostat

Corning Glass WL-5-510
Capacitor

Vitramon CK Series
Capacitors

Triad EC 1500

1.5 h Inductor

Fairchild 2N 2049
Transistor Standard Case

Transformers, Block
T-700, T-70!

Minco Model S-31
Platinum Resistance
Thermometer

tad
=J

Reason for Deviation

Avai'ability
Avaiiability
Availability

Availability

This item not on JPL list
but were listed as preferred
by HAC

The MX-9 was used over the
MX-1 because MX-9 has
ground terminal

Physical size consideration

Parts delivery precluded the
use of preferred UK series

Physical size limitations

Not on JPL list but were listed
as preferred by HAC

Block designed for specific use

This was used 10 provide a re-
duction of components over
circuit required
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No.p 2
300

50
<00
%0
500

350

1000
1050
1100
3150
1200
1250
1300
350
1400
16350
1500

Spectrogrum
Voltage, m-

«33%0

2996

. 3090

- 42%0

3930

. 3330

2890

- 2060

- 19%

L1685

Jd3%

- 1188

Wavelrngth

0y
€m

TARLK 4

RLACKRODY TEMPFRATURE CALLULATION AT 324°K

J. 9379

2,597

3. %

3.849

.18

PLE

0.9

20, 9¢

10,7y

4. 924

T.698

.Ab-olvw sprciral radsance w terms of wavelength.

Absonlute spectral radiance 1n torms of wave numbe .

“Towl abeniute reuponse.

S+eneor Temperature, 306" K

2.49%

4.402

6.690

w947

.00

t2.68

V3.28

14,01

V4. 30

iy

3.5

0, K0y
0. 280
0.4768
0.n612
iJ2ua
V.69
2. 207
Z,.3%
3. 0¥
3.%73
4.100

4.028

32

an,.® TAR,S Blackbody
107" pw/cm-e- mv/yw/cm-er Temp. ‘calc,), °K

1998 L1667 »wr
1800 L1661 (P2
1907 10
246 L1820 f33}

s L1847 e
2656 Ll 320
2768 R ™ 20
2v38 T H sty
PIST 076y 328
2508 L9639 328
263t L0878 324
2448 .0e72 s27
2602 L0384 2

Average 324’
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The packaging philosophy nsed by Block Associates is included in
their final revort (3),

3.6 Theoretical Studies

The theoretical studies were performed at Blocl Associates and are
included in their final report (3).

3.7 Environmental Test. Results

Environmental tests were limited to those performed on the electronrics
platter as reported in the functional test section of this report (3.3.1.1).

3.8 Recommendations

Thought should be given to the practicability of increasing the diameter
of surface units to allow repackaging of the preamplifier in sensor heads
for increased reliability. Present space limitations necessitate de-
viations from accepted practices.
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The detected siznal is amplified approximately 50 db between the bolom-
eter detector output and the instrument output by a three-stage tran-
sistor preamplifier located in the transducer and a thrée—stage post-
amplifier. The power for the mirror drive is generated by a sawtooth
generator and amplified by a single-siage amplifier, push-pull phase
inverter. and a push-pull amplifier. Bias voltages for the transistor
circuits are gererated by a dc-to-dc converter having ocutputs of +12
volts, -12 velts, +150 volts, and -150 volts. All voltages are regulated
within the electronics nackage, which is to be located in a temperature -
controlled electronic corﬁpartment in the spacecrafs,

4.2 Equiprment Description

The descriptior. of the device capable of performing both day and night
thermal diffusivity experiments is given below. Figure 11 shows the
assembly drawing, Figure 12 is a mounting diagram, and Figure i3

is a photograph of the completed shield.

The top member of the solar radiation shield is a truncated cone with

a surface area of 92 in.* This cone is spun from 0.032 inch 6061T6
aluminum plate. A white polyvinyl acetate paint is used to coat the
outer or convex surface, which is exposed to sclar radiation. The
inner or concave surface is brightly polished ard coated with a thin

film of silicone monoxide to prevent oxidation. The low thermal emis-
sivity of polished aluminum is desired for the concave surface to reduce
heat flow from the cone to the other components. A triangular epoxy
glass-fiber mounting bracket connects the cone to the rest of the shield.
Glass fiber is used both for strength and thermal isolation. The dimen-
sions of the cone are (a) diameter, 10 inches; (b) height, 2.70 inches;
and (c) siope of cone, 31°. The weight of the cone is 0.262 1b.

A radiation shield is placed between the top cone and the bottom heater
plate. This refiecting inner shield is constructed from 0.020-inch

5052 aluminum sheet. Both surfaces of the shield are brightly nolished
and coated with silicone monoxide film. This radiation shield prevents
neart flow {from the top cone o the heater plate during the day and {rom
the heated plate to the cone during the night. A rolled edge of the shield
provides a mounting surface for the reflecting skirt. The shield is 10
inches in diameter and 0.345 inch in height and weighs 0.136 1b,

The heater plate is fabricated from a single section of copper-clad epoxy
glass-fiber laminate. Insulating voids are produced in the copper by a
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4.1 System Description

The thermal diffusivity mecasurement of a substance is accomplished

by abruptly altering the radiation to or from a region of known geometry.
A study of the surface temperature of this region immediately follow-
ing abrupt change in radiation provides information necessary in cal-
culating thermal conduct.vity and diffusivity (4). Tw» methods of pro-
ducing an abrupt change in radiation are described below.

First, a shacdow-free area of the lunar suriace will b2 exposed to solar
radiation for a period of not less than ] hour prior to this experiment.

A shield will then be placed over a portion of this surface to prevent

the solar radiation from reaching an area of known geometry. This
shield will be lowered from the Surveyor spacecraft to a position ap-
proximately 2 inches above the surface of the moon. A reflecting skirt
extending downward from the shield will obstruct both incoming and out-
going scatter radiation. The coating of the surface of the shield exposed
to solar radiation is selected to provide a low equilibrium temperature;
i.e., the coating has a relatively low absorptivity in the region of the
spectrum occupied by solar radiation and a high emissivity in the infrared
region. Appendix C demonstrates the calculations necessary in the selec-
tion of this coating.

In the second method a thermal-diffusivity measurement is made during
the night by first allowing the surface in question to cool toc the normal
night-time temperature. A heated plate thermostatically controiled to
a temperature of 400°K with a known surface emissivity will then be
placed over the area in question and the time rate of change of the sur-
face monitored. It is necessary that the plate reach operating tempera-
ture within 0.5 hour and maintain this termnperature for a period of not
less than 1 hour for this experiment. The heat radiated from the plate
to the lunar surface is determined by the parameters illustrated in the
calculations found in Appendix D.

Temperature measurements of the lunar surface in the above -mentioned
experiments will be made with an interferometer spectrometer mounted

in the center of the combination solar shield and heated plate. The
interferometer is a modified Michelson interferometer which utilizes an
electro-mechanical mirror-drive mechanism and a bolometer detector

to convert incident infrared radiation into audio frequencies whose
amplitudes vary with variations in radiation differences between the object
being viewed and the interferometer bolometer.

A1) -
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pheto-etching process, leaving an electrical conductor in the form of
an Archimedes’ spiral. This configuration was chosen to obtain an
even power distribution over the rad:ating surface of the plate. The
calculations necessary in designming the heating element are given in
Appendix E. The radiating surface of the plate is coated with a flat
black paint having an emissivity of 0.93-0,95. The temperature of the
plate is controlled by a bimetaix disk thermostat which regu’ates the
electrical powcr supplied to the heaier element. A thermocouple is
embedded in the laminate to sense the heater-plate temperature.

The heater plate is attached 10 a epoxy glass-fiber laminate mounting
bracket by three posts which are an integral part of the laminate. The
spacecraft mounting bracket is riveted to the top side of the inner shield.
Stiffeners tetwcen the inner shield and the heater plate are riveted to the
mounting bracxet and extend outward to the heater -plate mounting posts,
To assemble the shield a single screw is passed through the bottom of
each of the triangular glass-fiber mounting brackets through a hole in
the inner radiation shield, then through a hole in the stiffener, and

finally it is threaded into the heater-plate mounting post. The heater
plate is 10 inches i1n diameter and 0.6 inch high, and its weight is 0,550
ib: Its nominal power requirements are 18 to 28 volts dc, and the heater
resistance is 3,8 ohms at 300K, The power requirements of the heater
plate over a temperature range of 70 to 400°K at input voltages of 18 and
28 volts are given in Figure 14,

A spider mounting bracket attaches the interferometer spectrometer to
the heater plate. The interferometer spectrometer is positioned above
a centrally iocated hole in the heater through which the lens housing ex-
tends. A half-angle field of view of 12" 1s provided by the lens, which
is located approximately 2 inches above the lunar surface. The inter-
ferometer spectrometer sensor head is 3.8125 inches in lengtl:, and its
diameter is 1.25 inches without the spider and 2. 50 inches with it. Its
total weight is 0.499 !b. The dimensions of the electronics rackage
(platter) are as f{ollows. {a} length, 2.70 inches: {b) width, 4.00 inches:
{c) depth, 2.917 inch: and (d) weight 1.29] lb, Its total power require -
ments are 120 ma and 29 volts d¢. Aluminized Mylar film is used as the
reflecting skirt., which is cemented to the inner shield. A stainless-
steel coiled spring is used for added attachment strength. The aluminized
side of the skirt is placed toward the center of the instrument, because
this side 1s more reflective. The dimensions of the skirt are as follows:
(a) diameter, 10 inches- {b) height, 2.68 inches; and (c) thickness,

-46-
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0.0005 inch. Its weight is 0,002 1b. The dimensions of the completely
assembled instrument are: (a) diameter, 10 inches; (b) height with
skirt extended, 6.0 inches: and (c) height with skirt folded, 4.0 inches.
Its weight is 1.73 1b including miscellaneous structural pieces,

4.3 Testing and Calibration

Only minimum testing of the device was made because of the lack of
sufficient time between fabrication and the required delivery of the
instrument. A vacuum system of sufficient capacity to reduce the pres-

sure to i6G™° rm Hg with diffusivity samples in place was not available:
therefore, no

tests were conducted to determine accuracies in measuy-~
ing thermal diffusivity, However, certain functicnal tests were made
on the individva! components.

4.3.1 Results of Functional Tests.

4.3.1.1 Interferometer spectrometer functional tests.
The platter functions were tested at temperaturés from 273 to
373°K to determine variations with temperature. Results are
given in Table 10. (These temperature variations are those

expected in the thermal-controlled spacecraft electronics com-
partments. )

TABLE 10

TEMPERATURE EFFECTS ON ELECTRODNICS

Mirror-sweep Drive Output

Ambient Time Bolometer. Doiometer
Temperature, - Duration, Bias Voltage, Bias Voltage
°F Amplitude, v msec v dc Ripple, mv
G 1.2 265 190 7.5
77 1.6 255 194 . 12.9
100 1.6 320 194 14.8

Sweep-drive output characteristics were obtained from the photo-
graphs in Figure 15 for three temperatures. Time duration in
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Table 10 is the total period and includes flyback timre,

Linearity of the sweep drive amplifier output was measured
at 0, 77, and 100°F. The sweep output was used to drive
the external sweep of an intensity modulated oscilloscope,
Intensity modulation was accomplished bv applying *»- 25.
volt cutput of a time marker generator tc the cathode «f

the cathode-ray tube. Table 11 shows the resuits of these
tests,

TABLE 11

SWEEP LINEARITY

RIS WS P WPRR W WO S S

Temperature, Distance between 5-msec Marks, mm
°F Start of Sweep Middle End of Sweep

0 2.1 2.1 2.0

7 2.1 2.1 1.9

100 2.2 2.0 2.1

The information shown in Table 11 was obtained by measur-
ing distance between 5-msec pulses under 10x magnification

on Figures lba, 17a, and 18a for the three temperatures.
Figures 16b, 17b, and 18b show results of amplifying the out-
put an unmeasured amount before applying it to the external
sweep of the oscilloscope. Note the increased distance between
markers, The accuracy obtained in measuring linearity by

this method cannot be defined at this time,

With the sensor viewing a blackbody which was at 2 femperature
o 4027 X & specirogram was obtained {Figure 19). From thie
sprctrogram the totai absolute resporise {TAR) for the instru-
ment was calculated in Table 12. Figures 20, 21, and 22 were
obrained for the sensor viewing the same blackbody as that for
Figure 19 but at temperatures of 318, 276, and 248°K, respec-
tively, The blackbody temperatures were then calculated as in
Tables 13, 14, and 15, respectively. The calculated values

were compared with the measured values and the results listed
i}’.{ Table E6u
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- TARLE 32

,,i TOTAL ARSOLUTE RESPONSE CALCULATION

Ninckbody Trmperature, 40V°K uRD 9
Tensor Temwrature, 29°K

“* Ny &1 » .
Wave Spectrogram Wavelength, CLILS [\ an,, TAR,
No., » Yoltag v 2107 e w/cm-sy anN 307 cm? 107" yw/cm oy mv/pw/cm -0t
300 7. G440 (30 ) [T 0.6727 108, £900 . 0644
3%0 8.6 8.9

. 400 0.9047 25.0 2,070 1. 850 1. 780 625.0 n,17s N 173

] 430 .2 92.8
500 i.663 20.0 3. 663 1.0 3.8%% 400.0 1%, 404 . 108t
950 18.2 .2
600 2.825 16,7 5. 39 iz, 5.872 218.9 V9,166 311
630 1%.4 1.2
700 2,503 ey 7. 060 17.90 10.8¢ 204.5 22,160 1129
%0 VY. 1S9

» 200 2.386 12,9 4. 39% 2Y.6¢ 19.4% 1563 26,148 . 0%8

] 350 ii.s V2.2
900 .22 it Y. 266 24, % 0.3 23,2 ¥3,07¢ LOusY
950 . 0.5 i10.y
i000 2.025 10,9 v.63% 34,56 8.9 i00.9 24,930 .oa1g
1050 5. %0 90. 2%
1100 t.00¢ #.10 9. %67 0. %¢ 79.04 R2.81 4,048 L0150
1180 [ ] 75.69
1200 i.326 #.%6 9. 156 ~0.00 33,55 72.93 2y, 009 . 0643
1249 ¥. 06 64.00
1300 f.220 .70 V.97 4318 e 7Y 59.29 20,627 -0%%¢
1350 7.40 4e. 76
1400 0.970 Y1 T 479 43,65 .37 $1.12 8,490 . 0%2s
1450 .90 er. 6}
1500 0.777C 6. 68 $. 3% 42.87 ¥6. 51 4. 3% 18,19 . 0480

"Abeolute epectral radiance in terms of wavelength,
bAb-qu\' spactral radiance in wrma of wave number,

eTou) aheolume respomea.
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’% TABLE 13
J RATURE CALC
Aenvor Toemperatare, 298°K
} M o Na st . Blackbedy
Wew Spectroyrans Wavelongth, 298°K%, oK, aN,, TARS Termy.
No.,a Yoltage, mv a, 10 'em w/em-av w/cm - ey an 10" pw /em-uz rfpw/em-ey Leric.), *R®
100 5.3 a.ae28 1106, L0664
1%0 .6 X
J 400 il 2.0 2,070 2.291 0.2 825.0 iz .072y v12
Q0 22.2 “..
300 L 1%eY 20.0 paress W1 0.4430 400.90 1934 L1984 31y
550 ] 8.2
$00 L2z6e 1987 5. 3% .04 0.6184 2.9 my 09
©30 3.4 1.2
700 L4 14,y V. 080 .18z i 082 204.8 21y 129 310
. 150 1.3 15,9
; 800 L2364 12,y . 395 v.926 3T 156.5 3% L0988 »e
30 ile i29.2
00 . 209 YL v. 260 [T t.920 uzy.z 2368 L0887 m
950 0. 0.y
1000 TN 1.0 9.651 ir.8s 2Dy 100.0 P23 .00z 33
1050 9.50 90,28
1100 T oLiesk ¥.10 9.7 V.00 1487 0.8 204y L0750 $12
1150 . T 75.69
1 1200 L1268 A% *.2% 1,87 2.618 12,93 1908 .0663 s12
12%0 .00 €4.00
J 1100 L0%6 v. 70 "R Y] ST 2142 39.2y 1626 L0859 12
1956 .4 54.76
L, 1600 L9833 Ty .49 9.9% 2.3%9 s1.12 1206 .032% 330
1 1459 .. e er.61
J 1500 K137 s 6.3% 1.90 1,964 .3 o9 om0 Jor.
Average "y
q Errew = 7
wh

.

Abeoluie opectral rudisnce ta wrme of wuvelengta,
L]

Abaclute spectral radionce \n wwrme of wave numbev.

“Toml anaoluse responee.
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V100
1150
1200
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1300
13%0
1400
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1500

Spectrogram
Voltage, mv

3700

PRe

<9100

. 8500

. 7700

+ 2000
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3N
28,

254

KR L
6. 90

. 66

Zenwor

ALAGKBODY TEMPERATURE CALCULATION AY 276°K

W, at
16,
w/cm-or

9.51%0

5. TH80

1,926

2.920

5. 378

.40€

2, Wbb

2. 242

&.012

2.600

3. 732

5.416

.
Absolute spectral reduance in terms of wavelength,

b
Absciute spectral radiance in terma of weve number.

* Tow! adonlute responda.

Tempevoture, 298°K

W, at

98°k.°

wlem

0.892%

2,070

.66

$.3968

$.39%

9. 266

9.8635

9.547

9. 2%0

e.367

7.479

$.15%

TABLE

aN
0.518%

i. 284
P21}
2.4978
y.682
4.987
6,406
.3d%
v.729
.28
S.679
.27

0. 9400
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T108.
817.9
625.0
492.4
400.0
¥31.2
278.9
2371.2
204.%
175.9
i%.3
129.2
i23.2
i10.3y
100.0
¥0.2%
a@z. 8
75.69
72,93
34,90
$9.29
54.76
31.12
41,81

44.3¢
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AFn. TARS m;:mp. Y
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574% - Db40 9
[ 124 012y 206
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TABLE 13

s

ALACKBODY T

PERATURE CALCULATION AT 248°K

Zemsor Temperature, Y02°K URD ¥
- N, at '-.". IS P Blackbody
Wave Spectrogreem Wavelength, 248, 302°K™, 1A% ANy, TAR, Temp.
J No., » Voltage, mv A, 10 em w/cm-ey wlcm-or AN 10" pw/con-ev mv/pw/cm-er {enle.}, °K
300 + 3500 33.) 0.4244 0.921%1 0.490% 5438 . 0h4es ane
I 8.8
“00 . 3000 £%.0 Vo 46y 2.0y 0.66%8 4149 +OT2y %
] 450 2.2
300 - G800 20.9 2.682 Y. 792 L1t 4440 - 100} . 2%
%0 3.2
600 . 0400 e, 3.07% Y. 622 i. 74y 4860 <1317 F 1)
6% 5.4
700 8200 4.8 4.70% T.39% 2. 686 %492 L1129 t 34
%0 (3%
uoo %200 12.% 3.32% V. 84S s.s22 ise.y %70 L0988 248
850 it e 129.2
090 <6700 [ ] %. 922 9.92y Q. 300 i23. 2 5299 ~O887 267
: %0 0.3 110. %
1000 - 4000 0.0 3.5¢4 0. 27 4.926 100. 0 92 -.0012 268
1030 9.%0 vo. 8
] V1100 +3500 9.10 % . 6le 0,25 $.030 [ TN} “667 <07 a2
i180 .. 70 5. 6%
i200 «2700 8.54 4.309 972 8.583% T2.93% 4072 + 0663 26
1250 [ -] 64.00
j 300 7.7 3.3 9.093 s. 110 $9.29 3030 . 0594 267
. 3o 7.40 5.7 :
1400 1200 T.18 3. 107 8219 4.472 $1.12 -u.‘ . <0528 P2l
14% 4.9 . e1.4)
1500 . 0800 6.66 " 3. 244 7.002 L1 . 3% 1647 .~ 0480 2y
- ' Average 268
Erver i} o
q .
®Absotute spectral radiance in tarms of wavalength.
. .Abnoluh spectra) vrediance in tarms of weve member. -
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TABLE 16

BLACKBODY TEMPERATURE CALCULATION ACCURACIES

Sensor
Temperature,
°K

298

298

302

Blackbody Blackbody
Temperature Temperature Error,
(Measured), "K (calc.),"K °K
318 311 ?
276 240 36
248 260 ie
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4.3.1.2

4.3.1.3

Detailed test procedures are g.ven in TEI Acceptance Test
Proceduvre 387-212-89 (2).

Summary of objective and results of experiments.

The objactive of the functiona! tests was to prove that the

instrument was capable of determining the surface tempera-

ture of the moon by using its infrared s»ectrographic char-

acteristic. The test results are not corclusive. System

errors induced by test procedure far exceed the minimum

error a'lowed for the system. These errors are explained
in detail in the TEI letter of 11 April 1962, to J. J. Thomas/
E. L. Drown found in Appendix B.

Heater-plate functional tests.

de

Accuracies obtained

An initial power dissipation of 160 watts was attained when
the heater plate was connected to 28 volts dc at room tem-
perature. After approximately 5 min the average power
dissipated was 110 watts.

Departures from JPL functional requirements

The requirement was for 150 watts boost preheat for 0.5
hour with 96 watts average sustained for 1 hour. The heater
plate wiil not meet this requirement as indicated in the para-
graph above.

Departures from JPL design specifications

None.

Generail surnmary of scientific objectives obtained and experi-
mental results

The nrime function of the heater plate is to reach its maximum
remperature as quickly as possible while radiating energy to
she lurar surface. The above -mentioned test was performed
in a vacuurm chamber at a pressure of 1073 mm Hg. A pilass
niate of [ -inch thickness was placed benesath the heater plate
to simulaie the lunar surface. The glass plate having an
absorptivity higher than that expected of the lunar surface
should remain at a lower temperature and thereby receive
mora radiant energy from the heater plate. During this test
the heater plate reached the maximum operating temperature
within 9 min. A decrease in the resistance of the copper con-
ductor caused an' appreciable increase in power input at lower
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temperature. Also the power output was greatly reduced at
lower temperatures since the radiant energy is proportional
to the fourth power of the temperature. As a result of this
time -temperature curve shown in Figure 23 has been ex-

tropefated into the lower temperature ranges to obtain an

L

L SO |

estimate of the total time required to bring the heater plate
up to maxirmum temperature.

4.3.1.4 Heater-piate temperature sensor.

.3 A.d

a. Accuracies obtained
The thermocouple embedded in the laminate and secured

with an epoxy resin was found to be accurate to within
*2°C.,

. b. Departures {rom JPL function requirements
None.

c. Departures from JPL design specifications
Nore. ‘

General summary of scientific objectives and experimental
results

A standard thermocouple was attached to the iaminate as
near to the temperature sensor as possible. The heater
assembly was placed in a temperature chamber and allowed
tc come to thermal equilibrium. The embedded thermo-
couple indicated a temperature to within 2°C of the tempera-
ture indicated by the standard thermocouple.

4.3.2 Results of Developmental Tests.

S bkd Bd Rad Bd bad Ad B
o

4,3.2.1 Outline of tesis conducted.

In order to obtain an optimum material ‘or each component of
the instrument, methods of fabrication of various materials

were investipated. Many tests were performed with epoxy resin
. and glass fiber in the molding of mounting tracketis and the heater

i.d

o~

plate. Savisfacrory results were obtainad in the deveiopment of
the mounting brackets. However, the deveiopment of a suitable
method of fabricating a heater plate from glass fiber and epoxy
resin was not accomplished. An attempt was made to perfect a
3 customn !aminate composed of glass-fiber strands, glass-fiber
cloth, and epoxy resin. The strands were bunched together to

h.d
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4.3.2.

2

4.3.2.3

4.3.2.4

form mounting posts and stiffeners and also interwoven
between layers of the glass-{iber cloth. Difficulty was ex-
perienced not only in attaching a copper ~onductor to the
laminate but also in acquiring a quality molding free of air
bubbles and other flaws.

Failure reports of developmental models.
Failure of a developmental plate occurred during temperature

envirormental tests. At 400K warping became excessive.

Summmary of corrective measures.

A different approach to the problem was provided by the acquisi-
tion of a thick copper-clad epoxy glass fiber laminate. The

bulk of the laminate was machined away to leave mounting posts
and stiffeners and a thin layer of glass fiber above the copper
conductor.

Summary of experimental results.
Little or nc warping occurred when the improved version was
subjocted to a temperature of 400°K.

4.4 Components Outline

Two commercial components in additior to those found in the spec-

trometer are used in the device:

5
T

2.

Thermostat, Texas Instrument C4344-7779-1
Connector, Bendix PT 500P-16-23 P (€05}
Notation and Explanation of Deviation from JPL and/or HAC

Pre‘erred Parts Lists. Dewviations from the JPL and HAC pre-
ferred paris list are given in Table 17.

Results of Component Tests. No tests were conducted on the

sonnecior or the ‘nierferometer parts: 1owever, the {ollowing

¢ests were made on the thermostat.
. The operating temperatiure was determined by emmersing

the thermostat in an oil bath and noting the temperatures
a* which the contacts opened and closed.
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TABLE 17

COM.PONENT DEVIATIONS

FROM JFIL. PREFERRED PARTS LISTS

INCLUDING THOSE USEDIN INTERFEROMETER SPECTROMETER

ComBonent Reason for Deviation
Microdot Cable No. Availability

SG-3819MC-30

Seiectro FT-MZWP20 Availability

Teflon Feed Through

Cambion Type 1785-A Availability

Chessman

Cambion Type 1488-4 Availability

Solder Lug

Fairchild ZN2049 This itemn not on JPL list but
Transistors in TO-18 Case were listed as preferred by HAC
Stevens MX-9 The MX-9 was used over the MX -1
Thermostat because MX-9 has ground terminal
Corning Glass W L-§-510 Physical size consideration
Capacitor

Vitramon CK Series Parts delivery precluded the use
Capacitors of preferred UK series

Triad EC 1500 Physical size limitations

e 5-h Inductor

Falrchilda ZN204" Noi on JPL list but were listed
Transistor Standard Case as preferrad by HAC
Transformers, Block Block designed for specific
T-700,T-701 use
Minco Model 83! This was used to provide a re-~
Platinum Resistance Thermometer ductior of components

65
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2. The thermostat was subjected to temperature extremes of
78 to 400° K.

he thermostat was subjected to accelerations of 15 g's
in both the horizontal and vertical axis at frequencies of
10 to 20,000 cps for 10 min. The frequency was varied

in one swecp while the acceleration was held constant.

4. Test No. } was repeated following Tests 2 and 3. No'mal-
functions were noted.

Packaging Philosophy

During the development of the Surface Thermal Diffusivity
Instrument. the packaging philosophy was governed by the scien-
tific requirements. HAC outline and mountirg drawing No.
X239229 and JPL design specification No. 30848. There were
no deviations from the specifications.

The functional requirements of the device dictate the relative
position of the individual components. A conical shape of the

solar radiation shield provides shielding of the spectrometer,
which is centrally located, and at the same rime prevents normal
solar radiation over a large area at any angie of incidence. A
convenient and necessary position of the heater plate is near the
lunar surface and below the solar shield. Tne design of each com~-
ponent was influenced by weight considerations. All materials
selected have a good strength-tc-mass ratioc.

Theoretical Studies

The theoreticai studies necessary in the development o the device
are illus-raled in Appendices C, D, and E.

Environmental Test Results

The instrurnent was subjected to pressures ranging from atmospheric
to 1077 mm Hg without damage. The heater plate was subjected to
temperatures ranging from 295 to 400°K. All other components were

subjectec to temperatures ranging from 295 to 328°K. No failures
were reported.
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'g The following acceleration tests were performed on the instrument
d . .
with the interferometer spectrometer represented by a wooden
1 replica, The accelerations were produced by a Ling Tempco
H Type 219-CP-3/4 vibration exciter. All vibration was applied
along the thrust axis of the instrument as mcunted to the surveyor
i spacecraf‘,
+

st Test

14

5-14 ¢ps. O.2-inch displacement

Bl

i4 to 5,000 cps, constant 2 g acceleration
5-min sweep from 5 to 5,000 cps

2nd Test

5-14 cps, 0.5-inch displacement

14 to 5,000 cps, constant 5 g acceleration
1¢-min sweep {rom 5 to 5,000 to 5 cps
Stop for 30 sec at 130 cps

3rd Te st

5-2G cps, 0.5-inch displacement
i4 to 5,000 cps, constant 10 g acceleration
5-min sweep from 5 tc 5,000 cps

4th Test

-24 cps. 0.5-inch displacement

hd bd bid Bd B -

4 1o 5,000 cps, constant 15 g acceleration
5-min sweep irom 5 to 5,000 cps

~

WU N

~s? was stopped at 400 cps (3 min 20 sec)

A maximum resonant condition was observed during each test at

4 Rd

1

approximately 140 cps but was reduced at the higher frequency
harmonics.

o4

At resonance during the 15 g test two of the three screws attach-
ing the sclar shield mounting brackets to the inner shield and
heater plate loosened. Although Type C Loctite had been used it
had not been heat cured.
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4.8 Recomrmendations

Poor regulation of the heater-plate temperature is caused by a
thermostat differential of 20°C and poor thermal contact between
thermostat ard heater plate. A miniature thermostat having a
current carrving capacity of 5 amp and a suitable workable tem-
perature diffcrential has not been located. Itis suggested that the
heater element be d:vided into two interwoven conductors, each
being controlled by a separate thermostat. FEach conductor vsould
require a current of only 2 to 3 amp, which is reradily controlled
by a thermostat having a small temperature differential.

Thought should be given to the practicability of increasing the diam-
eter of the interferometer spectrometer to allow repackaging of the
preamplifier in the sensor head for increased reliability. Present

space limitations necessitate deviation from the accepted practices.
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5. SURFACKE MAGNETIC SUSCEPTIBILITY INSTRUMENT

URD 10

Control Item X239211
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5.1 System Description

The Surface Magnetic Susceptibility Instrument is designed to measure
the ac magnetic susceptibility of the Junar material adjacent (o the
spacecraft. The cxperiment employs an induction balance system of
an air-core transformer in which the material ind-ictance between
primary and secondary has been reduced nominall: to zero for a
surrounding moedium of permeability approximatelv equal to one (air
or vacuum).

The principle underlying the use of an induction ba‘ance for the measure -
ment of magnetic susceptibility is that any material brought into the
magnetic field of the balance will change the mutua! inductance between
two coils and thus change the induced voltage. Th's change in voltage

represents the change in magnetic susceptibility in the field of the
balance (5).

As shown in Figure 24, a 3800-cps sine wave is amplified and connected
to the magnetic susceptibility device through an isolation transformer.
Resistance R; is used to measure power consumption. With coils A

and B phased 130° apart and the proper turns ratic and spacing employed,
there will be no output voltage {neglecting leakage) in coil C, as de-
tected by the tuned voltmeter with the system situated in air. With the
introduction of a material sample that has evidence of magnetic suscepti-
bility, an increase in the coupling will occur between coils B and C
which is greater than the increase between A and C, and the resultant
signal wiil appear at the cutput. By empirical means such signal voltage
may be correlated to the magnetic susceptibility of the material.

Temperaiure information is obtained from a thermocouple embedded near
the coils.

5.2 Equipmeni Des. otion

~ e over-ail assembly of the Surface Magnetic Susceptibility Instrumens
s¢ as shown in TEldrawing No. 387-253-OA (Figure 25). The coils are
wound with No. 29 B and S gauge high-temperature magnet wire into
epoxy glass-fiber laminate forms. The coils are epoxy-cemented to a
nolding rod of the same material. An epoxy-glass section is molded to
the upper end of the rod to house the nine-pin-connector. Terminals are
provided for interconnecting the coils and the lead wires. Three epoxy -
glass feet are cemented to the bottorn side of the large coil form to
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position the device a given distance above the test surface. The
complet co'l section 1s enclosed within an alurinized Mylar shield
to minimize uneven temperature effects caused by solar rad:iation.
The temper.ture of the device is determined by a thermocouple
located 1in the holding rod between the upper and lower coils.

“he outline 1nd mounting dimensions for the Surface Magnetic Suscepti-
bility Instrument are shown on TE! drawing No. 387-253-OM (Figure
25). The maximum height of the instrument is 12.025 inches and

the maximurn diameter 4.218 inches. The weight of the instrument

is 0.575 1b, and the location of the center of gravity is indicated in
Figure 26.

The electrical requirements of the instrument are 0.011 amp rms at
5 volts rms and 3800 cps.

5.3 Testinpg and Calibration

5.3.1! KResu:ts of Functional Tests. This section covers the calibration
results obta ned in the final acceptance tests se=n prior to shipment

of the magnetic susceptibility instrument. Details of the prccedure

are given in TE! Specification 387-253-97 (6).

The following samples were used to calibrate the Surface Magnetic
Susceptibility Instrument:

i. Ferric chloride solution S=59.2x10°° cgs units
2. 1000 ppm (by volumne) iron
filings in sand S =197 x 107¢ cgs units
3. 3000 ppm iron filings in sand S = 591 x 10™° cgs units
4. 10,000 ppm iron filings in sand S = 1970 x 10”% cgs units
5. 30,0006 ppm iron filings in sand S =5910 x 10°"° Cgs units
5. 290,000 ppm iron filings ir sand $=19,700 x 107° Cgs units
7. 500,000 ppm iron filings in sand S =98,500x 10°° cgs units
8. 100% irom filings S = 197,000 x 16-%cgs units

The magnetic susceptibility, S, of the ferric chioride solution was
determined by measuring the specific gravity of the solution and

.
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determining 'h~ percent of FeCl. ir solution at the test temperature
(7). The vo'umetric magnetc susceptibility was then determined by:

S=xpd

where S is the volurietric magnetic susceptibility, x is the specific
susceptibilitv of FeCl, (86.2 x 10°" cgs units), » is the percent
FeCl. 1n solution. and d is the specific gravity of the solution.

To determine the magnetic susceptibility of the maixtures of sand anc
iron filing th2 instrument was placed in turn on cach of the mixrures
as well as on the ferric chloride solution. The results were plotted
with the abscissa in ppm iron filings in sand and the ordinate in units
of output voltage. Then from the known parameters for the FeCl,
(output voitage and volumetric susceptibility; a point was located on
a second graph with the abscissa labeled in magnetic susceptibility
units. The iwo curves were overlaid and the Fe-sand curve arranged
so that, maintaining the same slope, it would pass through the point
established by the FeCl,. The remaining points were transferred tc
the second graph, and the correlation of ppmiron in sard to magnetic
susceptibility was astablished.

To periorm the calibration the samples were placed in an outdoor test
area to minimize the effects of ac fields present within the laboratory.
The instrument was connected as shown in Figure 27 and the null
voltage measured by suspending the instrument > feet above the ground
and away from any magnetic materiais. A temperature measurement
was also made in this position. The instrument was then placed on
the smooth and level surface of each of the Fe-sand samples and five
independent readings made of output voltage. A temperature reading
was made or each of the samples. The measurement on the ferric

chloride solut‘on was made by placing the instrument on a polyethyiene

by

joat resting on the surface of the solution. Firally the null voltage

4
oy
)

wWaz .in measured by suspending in air as before.

~
I,
1=

jod

Measurements were also made with a test jig which ailowed the insiru-
ment toc be held on the surface at angles of 15°, 30°, and 45° from the
veriical. This method of calibration was used tc determine the response
on uneven surface. Previous tests had been run with an uneven surface
mold composed of a polyethyiene sheet which had been heated and
stiretched tc form various-sized hills and valleys. The mold was placed
in the tes? samplie container and filled with the sample materials The
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instrument was positioned at various places on the mold and readings
made., The repeatability of measurements was so poor, because of
difficulty in placing the instrument at the exact position each time

and in filling the mold exactly the same, that this method was dis-
carded.

The chosen procedure can be used to determine response if the ef-
fective volume of the measured material of an uneven surface is
known. That is, the device may be tilted so that a .ike amount of
material will excile the instrument.

Test time allocation allowed for only three independent measures at
each of four angles {0°, 15°, 30°, and 45°). Repeatability in the
readings at each angle was within 5% for the IC00 and 10, 000 rpm

Fe-sand mixtures but decreased to approximately *16% for the 100, 000
ppm mixture.

5,3.1.1 Accuracies obtained.
Figure 28 shows the differential (output minus null) response
curve obtained. It can be seen that the curve for even surfaces
is linear {rom 59.2 x 10-¢ cgs units of magnetic susceptibility
to approximately 50,000 x 10~ cgs units and continues to
200,000 x 1078 cgs units with very little roll-off. Repeata-

bility of voltage readings on all of the samples was within
. *5% of the average.

The curve for uneven surfaces is shown for information purposes

to indicate the degree of error experienced.

5.3.1.2 Departures from JPL functional requirements,

The response of the instrument was not de‘ermined at a magnetic
susceptibility of 10 x 107¢ cgs units because of a lack of suitable

test sa;nples.

Tre aull volrage was 1.5 mv, whereas it was specified as 0.3
mv o maximuin. This was caused by adjusting so that the mini-
mum nuli voltage would occur below the expected operating
temperature of the instrument. In this way there would be no
change in phase of the output signal throughout the temperature

range as specified. The current was 11 ma rms for 5 v rms at

3800 cps input, The specified current was 10 ma rms.
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5.3.1.3 Decpartures from PL design specifications.
The oniy departure was in the use of turret-type terminzls
rather than fork-type.

5.3.1.4 General summary of scientific objectives obtained and ex-
perirmental results,
The Surface Magnetic Susceptibility Instrument wil! measure
magnetic susceptibility in the range from 5%.2 to 197,000
x 1077 cgs units. The response is linear up to approximately
50 090 x 107" cgs units and extends to 197,000 x 10~% with
a slizht roll-off. The readings on each of the samples will
repeat within +5%.

. 5.3.2 Results of Developmental Tests. This section describes the
testing prograrn carried out in the scientific development of the surface

magnetic susceptibility instrument. It covers the following tests:

ot
°

Effecte of temperature differentials on response.

o~

« Comparison of direct voltage measurements with the bridge -
balance method.

3. Response of instrument at | and 5 kc for input voltages of 5,
12.7, and 25 volts rms.

4. Null seasitivitly versus frequency.

5. Null sensitivity versus temperature.

6. Effectiveness of sun shield.

7. Capability of making conductivity measurements.

Failure reports are not given as such, but a discussion of the results
obtained and th= <hanges made is included.

5.3.2.1 Eiferts of temperature differentiais on instrument response.
‘ A developmental model surface unit was buiit identical with

tnat used 1n the {easibility study. The device was placed on

a test sample and exposed to uneven heating by an infrared

heat lamp. The change in output voltage which resulted be-
cause of differential expansion and shift in the null balance was
such that materiais having susceptibility less than 300x107* cgs
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units would be obscured within the null shtift. It was therefore
decided that a sun shield would be included to minimize the
uneven heating effects.

Comparison of direct voltage measurement with the bridge -
balance method.

Pecauvse of the complexity of performing a balance functior
remotely, especially by radio signals. the desirability of
making a dirzct output voltage measurement was studied.

The output coil was connected directly to a suitable ioad re-
sistor (10 kohm), and the changes in output voltage cxperienced
on the different samples were measured with an ac voltmeter,
The input voltage was 25 v rms at 1 kc as used for the bread-
board model. Figure 29 shows the comparison of the results
obtained in this manner with those previously found with the
bridge. It can be seen that the linear portion of the curve is
extended by the direct measurement technique. The range of
signals obtained was such as to be suitable for spacecraft
nandling, and therefore this method was used in all future
testing.

Compyparison of response at 1| and 5 k¢ for input voltages of

5, 2.7 and 25 volts rms.

In orcder to conserve energy the spacecraft contractor requested
that the instrument be tested with lower input voltages and at
higher frequencies. Therefore the device was tested at 1000
cps and 25 volts input, the feasibility test conditions, and at
reduced voltages of 12.7 and 5 volts rms. The three test
voltages were also applied at 5000 cos.

The r2sults obtained are shown in Figure 30. It can be seen
that thie output voitage decreases approximately as the ratic

of the input decreases. Increasing the frequency causes a slight
rounding at the upper end as a result of the eddy current losses
‘n the irou particles being greater at 5000 cps., From these

ata :t was decided that the instrument would be operated with

v rrns input at 3800 cps.

o

Nuil sensitivity versus frequency.

To define the irequency-stability requirements necessary for
proper nulling of the instrument, measurements of output in-
2ir were made with the input varied £0.! and £0.2 kc about a

-81-~
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5.3.2.5

center frequency of 3,8 kc. The detector used was an un-
tuned ac \oitmeter. No noticable change in null output was
experienced in either case. With these results the fre-

quency-stability specification was set at #+0.2 kc for a 3. 8-

"kc input frequency. In cases where a tuned detector is

used the filter must vary directly with the input frequency
for the above condition to exist.

Null sensitivity versus temperature.

An extensive series of developmental tests was carried out
to improve the nuil-drift-with temperaturs relationship as
found with the breadboard magnetic susceptibility instrument.

When the breadboard instrument was subjected to temperatures
from 20 to 150°C the null voltage changed from 0.2 mv rms

to approximately 60 mv rms. The change was so great that

it was extremely difficult to measure any materials except
those with large susceptibilities when the temperature of the
instrument was above 1006°C.

It was found that the holding rod was expanding to such a de-
gree that the coils were not maintaining their relative spacings,
and theorefore the proper bucking was not taking place and the
null was not remaining constant.

The first approach to the soiution of the problem was to use a
Pyrex giass holding rod because of its low coefficient of ex-
pansion. The result was a reduction in the null drift to 20 mv
a1 150°C. Further reduction was required in order that
readinrgs at the low end of the susceptibility scale could be
made for all temperatures.

Further study of the epoxy-glass characteristics pointed out
that the coefficients of expansion for the material varied ac-
cording to the direction of fibers 1n the material. It was found
that bv proper choice of lengths and points of attachment the
expansion of the rod and that of the upper coil form could be
made to counteract each other, and the resultant null drift
could be minimized. Empirical testing resulted in the scheme
as used in the final assembly. Figure 31 shows the relative
effectiveness of the varicus methods employed.
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5.3.2.6 Effec'iveness of sun shield.
A developmental model Surface Magnetic Susceptibility
Instrument similar to the prototype device was instrumented

| W | | NOP |

with a2 number of thermocouples to determine the effective-
ness of the aluminized sun shield and te verify that the
position chosen for the location of the unit thermocourle was

B

a suitable one. In all, 1] thermocouples were located at
variois points within the shizlded area, 2nd one was attached
to the outside surface of the shield at the focus of the heat
source and positioned 2 inches from the shield.

The instrument was then placed on a sample of 10,000 ppm
iron filings in sand and a reading of output voltage made at

. ambient conditions. The heat lamp was energized and any
change in output noted. All thermocouple outputs were
monitored with a 12-position thermocouple switch and a re-
cording potentiometer.

It was found that the output voltage did nct change for approx:i-
mately 5 min, during which the temperature as indicated by
the thermocouple located outside the shield rose from 25 to
108.%°C and that indicated by the instrument thermccouple
rose ‘rom 25 to 26.5"C. The change in >utput subsecuent to
this time followed the null drift as determined by a previous
test such that by applying the proper correction factor the
output remained constant for the 45-min duration of the test.
During this 45-min period the instrument thermocouple in-
dicated a teraperature rise to 58°C, whereas the outside
shield temperature stabilized at approximately 112°C after
6 min. 1t was also found that the maximum temperature

d bd kd Aad bhda EBaa ka bdd Red

reached by the inner surface of the Mylar shield at the focus
was “5°C.

1 4

It was determined from this test that instantaneous changes in

L4

. incident radiation on the shielded ins:rument would not cause
a chénge in output signal. Long-terr: temperature changes
coulc be followed by the instrument thermocouple and the nec-

essary corrections to the output made.

Ui
°
w
°
(3%
.
3

Capability of making conductivity measurements.
Since it was known that the conductivity of a material influences

-86-
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the phase of the output signal, the instrumen! was connected

in the normal manner and measurement made on a number of
Fe-sand ramples and on iron slabs. It was c¢etermined that
although the output would be saturated for 100% iron, the

phase angle would vary according to the fuse< material present,
that is, the conductivity. Sample phase-angie measurements
are: 1007 iron filings, 5°; boiler plate iron, 66.4°, In bcth
cases the output voltage was approximately the same.

Trom these tesis it was shown that the instrument could be
used 10 measure not only magnetic susceptibility but aiso
conductivity and thus indicate if the material being measured
was of meteoritic origin.

5.4 Components Outline

5.4.1 Notation and Explanation of Deviations from JPL and HAC Pre-

ferred Parts Lists. There is only one purchased component included as

part of the Surface Magnetic Susceptibility Instrument. It is the Carnon
DEM 9PNM coni:ector, which was specified by HAC.

5.4.2 Resuits of Component Tests. No tests have been carried out on

the connector except to verify that it would not affect the instrument

response when positioned at the prescribed place on the instrument.

5.5 Packaging Philosophy

The packaging of the Surface Magnetic Susceptibility Instrument was
governed by the conditions of meeting the scientific requirements while

holding size and weight to a minimum.

The epoxy-glass iaminate was chosen for the structural material be-~
cause of its nonmagnetic properties, high strength-to-mass rat:o,

low coefficient of expansion, and relative ease of fabrication,

The reguirement that the upper coil be free for positioning relative to
the lower coil pair during nulling, and that certain critical dimensions
skouid be maintained to minimize temperature null drift, necessitated
the collar arrangement used.

It was found in attaching the sun shield to the instrument that thermal

stresses would affect the null output voltage when the shield was cemented
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in place at toth ends. Therefore, cementing was used at the lower

end only anc the upper end left free to move within a pair of collars
at the top.

5.6 Theoretical Studies

The developmental work carried out on the Surfice Magnetic Suscepti-
bility Instrument was based on the feasibility study performed by

Texaco's Research and Technical Department a: Bellaire, Texas
{5, 8, 9.

5.7 Environraoental Test Results

5.7.1 Vibration Tests. The Surface Magnetic Susceptibility Instrumenst
was subjected to sinusoidal vibration in the vertical position according
to the following plan:

Frequency, cps Level, g's Time

10-40 2.5 6 min 45 sec
40-1500 8.5 Z min 10 sec
40-1500 5.0 11 min 20 sec
3-8 0. 6-inch displacement 10 min

5-35 1.5 21 min 40 sec
35-48 3.0 3 min 20 sec
48-500 5.0 23 min 3C sec

These tests were run without the sun shield attached.
No failures occurred as a result of these tests.

5.7.2 Temperature-cycling Tests. In the course of the assembly pro-

cedure temperature cycling was carried out to varnish impregnate the
coils properly and to relieve any stresses in the materials. The in-
strument was subjected to three cycles from -65 to + 150°C and held

for a total »f 3 hours at! each temperature extreme.

No failures resulted because of these conditions.

5.8 Recomrnendations

None.
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6.1 System Description

The Surface Density Instrument is designed to measure the dernsity

of the lunar surface at a place adjacent to the spacecraft. The
experiment uti'izes the gamma-gamma logging technique used for
several years by the oil companies to determine th.e density of forma-
tions of the earth. In general, a radiation source (approximaztely 40
mc, Irlgz) 1s located a known distance from a Geiger-Mueller counter
tube. The rad’ation is directed such that it impinges on the lunar
material beneath the instrument. The shielding is arranged so that
little radiation passes directly from the source to the detector. The
density is derived from the knowledge that the radiation received from
the source due to scattering is related to the density of the material
subjected tc the experiment (10).

Accurate measurements require that all background effects be ac-
counted for. This is accomplished by taking readings with the source
extended from and retracted into the shield. The source is positioned

in or out of this shield by means of a solenoid mechanism actuated by
earth commands.

Ambiguity in the double -ended density-versus-response cuarve is re-
moved by making two measurements, one slightly above the surface.
The instrument is lowered to the surface and supported on a set of
legs. After the measurement the legs are released by means of an
expliosive pin puller, and the instrument falls to the surface, where

a second measurement is made.

Temperature corrections to the data are made by measuring the tem-
perature of the counter tubes with a thermocounle.

The instrument is also used to house a geophone employed as part of
the acoustic velocity experiment.

6.2 Equipmen: Description

6.2.1 Generai. The over-all assembly of the Surface Density Instru-
ment and acoustic sensor appears as shown in Figure 32,

The radioactive scurce (Ir”z) is carried in a sliding assembly with two
positive positions, the apex of the forward cone shield and 1 inch inside
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the cone shicld. The cone shield 1s constructed of Mallory 1000 metal,
a sintered tungsten alloy.

The source-indexing mechanism is contained within the tube connecting
the cone shield with the geophone housing. It consists of a solenoid
which imparts motion to a slide assembly conta‘ning a tooth and slot
arrangement. The geophone housing acts as a carrier for the geophone
Oor acoustic sensor and as a support for the elevating legs and their
release mechanism. The elevating legs are relcased by an explosive -
actuated pin puller and are secured before release by a 0.187-inch-
diameter pir and four guide bushings. The Geiger-Mueller tube is
mounted behind the geophone housing within a rcar shield assembly
also constructed of Mallory 1000 metal.

6.2.2 Dimensions and Weight. The outline and mounting dimensions
for the Surface Density Instrument and acoustic sensor are shown on
TEI drawing No. 387-234-OM (Figure 33). The maximum height of
the instrument is 5.31 inches and the maximum width 3. 56 inches.
The maximum length of the instrument with radioactive source re-~
tracted is 1C.87 inches, whereas with radioactive source extended the
maximum length is 11.87 inches. in order for the source-positioning
mechanism to operate, an additional G. 25 inch of movement is neces-
sary. Therefore, a clearance enveiope 12,12 inches in ilength is re-
quired to pocition the source.

The weight of the Surface Density Instrument and acoustic sensor is

3.2140.1 Ib. The jocation of the center of gravity of the instrument
is indicated in Figure 33, -

6.2.3 Power Consumption. Geiger-Mueller counter tube:
Voltage requirement, between 800 and 1000 v dc.
Actual set voltage for tube Serial Na 3162, 870 v dc.
Curren® requirement, 10 pa peak pulse.
Counting rate, 5 to 1500 counts/sec.

Source -positioning solenoid:
Voltage requirement for solenoid No. i, ¢2+6-4 v dc.
Current requirement for solenoid No. I, approximately § amp
dc at -125°C with 28 v input; 2 amp dc at 125°C with 18 v input.
Pulse length, 100 msec minimum, 500 msec maximumo.

-92.




5 wtvn&nﬂu 1,//\\ e e S P OYIP |

¢ EE 1 .1113 - N o
w?&% S - 4 ===
, il =

1\.\?.»,‘ = J /fw;. ..«.ll'.ﬂk(ol‘f\
T s i BN ki, ,t/‘. ,«.H«(Jﬁiﬂlz

y R ——— o g ans

g__
Ty
l
)
y

s
|
Q
Ty
i
£NO_VEW

29

|
l
t
I




DECTION THRU ¢ 4

FIGURE 32. ASSEMBLY DRAWING OF THE
SURFACE DENSITY INSTRUMENT
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Pin-puller squib:
Voltage requirement, 22+6-4 v dc.

Current requirement, 4 amp dc minimumn for each bridge,
10 msec minimum.

Geophone:
Voltage requirement, none.

Current regquirement, none.

5.2 Testing wind Calibration

6.3.1! Resulis of Functional Tests.

0.3.1.1 Explosive-iowerirg device.

The test was conducted to determine the stability of the instru-
ment as 1t fell from the raised to the level position when the
legs were released (11). The test was run with a2 sand-filled
inclined-plane test jig, which was set at 0°, 15°, and 20° to
the horizontal.

The first test used a squib and pin-puller assembly as specified
for the instrument. The device was placed on the test jig with
the angle set at 0°. The squib was firec and the action of the
instrument recorded on film. The remaining tests were run
with a solenoid-activated pin-puller assembly because of the
inaccessibility of the proper squib-pin-puller assembly and

its prohibitive costs (approximately $150 each).

The procedure used in the test was to place the instrument
with the legs in place on the inclined-plane test jig so that the
tonpitudinal axis was parallel with the line of intersection of
the inclined plane and the horizontal. The plane was adjusted
(o e desired angle and the solenoid mechanism activated.

The attitude of the instrument after falling was then observed.

Upor completion of the tests at each of the angles, the instru-
ment was rotated 180° and the procedure repeated. A motion-
picture record was made of each of the drops.

a. Departure from JPL functional requirement or design speci-
{ications.

Ne detail requirements have been given.
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6.3.1.2

General summary of scientific objectives obtained and
experimental results

In all cases the instrument fell within the legs in an up-
right position.

Source-positioning solenoid.

The test was conducted to determine if the source would ex-
tend and retract upon application of 18 ard 28 v dc to the
solennid mechanism (12). The test was run at ambient con-
ditiors. In both cases the source was pesitioned as required,

~
ia

Departures from JPL functional requirement or design
specifications
None.,

General summary of scientific objectives obtained and ex-
perimental results

“he source capsule may be extended from or retracted into
the shield cone by a programmed signal from earth. No
power is required to hold the source in either position once
it has been indexed. This procedure allows for shielding

of the source except when density measurements are being
made.,

irbration of the assembled instrument.

This section covers the calibration results obtained in the final

L=

=cceptance tests run prior to shipment of the Surface Density

nstrument (13}. Data are presented here for all sample mate-~

riais on hand, whereas the acceptance test booklet contains re-
sults from only the six original samples.

“he following samples were used to calibrate the Surface Depsity
Instrument:

Sample Density, g/cm3
Balsa 0.17%0,0051!
Lava 0.65%0.0072
Fluorapatite 2.68%0,0176
Rutile (TiO,) 4.0x0.0300

-G7-
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Sample

Austin chalk

Ohio sandstone

Barium sulfate (BaSQ,)

Iron carbonate

Georgia granite

Carthage marble

Vermont granite

Virginia slate

Powdered iron

Virginia greenstone

Hematite

Manganese hubnerite
{MnWOy)

Limestone

Zinc sphaterite

Sand

KXyanite

Density, g/cm3

1.93+0,0136
2.09+0.0)24
4.26%0.0278
3.88+0,0237
2.52%0.0150
2.54%0,0172
2.5H55%0.0152
2.34%0,0162
7.020.0452

2.735%0.0167
4.375%0.0343
6.30+0.0417

2.27+0.0124
4.97+0.0249
2.64+0,.0157
3.56+0.0287

The densities of the consolidated samples were found by
measuring the dimensions to #0.02 inch with a 24-inch
machine divided scale and measuring the weight to *0.25
b with a 1000-1b-capacity platform scale.

The densities of the unconsolidated samples were found by

weighing approximately 50 cm? of a material to *0.05 g and
then pouring the material into a burette partially filled with
water. The change in volume was measured to 0.5 cm’

and then the density computed in grams per cubic centimeter.

The accuracies obtained for the samplies are as shown in the
preceeding listing.

The samples were placed in an ou'door test area in an en-
vironment with natural background only. The radioactive
Iridium-192 source capsule was installed in the instrument

and the instrument connected as shown in Figure 34. Measure-
ments were made on each of the samples.
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Accuracies obtained

Figure 35 shows the response curve obtained. It can be
seen that all consolidated materials fall within 0.1 g/cm3
of the curve. The response measured on the chalk

{p = 1.93 g/cm") repeats within 3.5% or #0.048 g/cm"e
All unconsolidated minerals except barium sulfate

arnd manganese hubnerite fall well off the curve.

Departures {rom JPL functional requirements

Most unconsoclidated materials do not fall within 0.1 g/'crn3
of the curve. An accuracy of 0.02°5 g/cm’ was not attained
at a density of 1,95 g/cm’,

Lack of testing time and shortage of sample materials
dictated that tests could not be run to determine accuracy
on protuberances up to 10 cm.

Response of instrument at 0.1 g/cm3 was not determined
because of a lack of suitable test samples.

Departures from JPL design specification
No departures.

General summary of scientific objectives obtained and ex-
perimental results

It can be seen {rom the curve stiown that the response was
essentially linear from 0.65 tc 4.0 g/cmju This linearity
nrobably extends to the maximum point of the curve, which
is approximately 0.2 g/cm3. Materials with densities be-
tween 0. and 0.2 g/cm3 presumably lie on a siraight line
passing through the point established by the balsa wood
sample (p = 0.17 g/cm?® . Readings above background are
still detectable out to a density of 6.80 g/cmz'u The change
n response which takes place wher the instrument is raised
on its legs is also shown. It should be noted that the rcading
:ocreased on the balsa, althougn development tests had in-
dicated that it should decrease. This change over that ex-
perienced for the developmental model is probably due to
scattering taking place from assemblies which were not
present in the previous model, such as the connector housing,
the geophone and its housing, and the pin-puller assembly.
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The remaining discussion concerns the response ob-
tained on the unconsolidated materials. In all cases
the unconsolidated materials except barium sulfate and
mangancese hubnerite fell to the right of the curve; that
is, the rneasured density was less than the calculated
density. This characteristic can be explained in part
by recalling the method used to calculate the sample
densities. In the case of the consolidated materials the
d:nsities were obtained by determining the weight and
paysical dimensions of the stones, and thus the density
is bulk density.

The densities of the unconsolidated materiais were founc
by the displaced-water method of de‘ermining volume and
thus are specific densities. This method of measuring the
anconsolidated materials was chosen because of the dif-
ficulty in repeating a volume measurement for a powdered
or granulated material with any degree of precision since
the amount of trapped air was not constant. The degree

of scattering and absorption of the radioactive energy and
thus the response of the instrument, however, is & func -
tion of the electron density of the material, and since some
air is present, the net result is an averaging of the heavier
mineral density and the lighter air density. It is not under-
s*ood at the present time why the barium sulfate and man-
zanese hubnerite fall on the extension of the curve defined
by the consolidated samples. Further work is required to
define accurately the above phenomenon so that the neces-
sary compensating factors may be applied to the measure -
ments obtained. ‘

6.3.2 Resulis of Developmental Tests.

6.3.2.1 Leg-iropping mechanismo,
a. Outline of tests conducted

The following tests were performed on the leg-dropping
mechanism of the Surface Density Instrument and
acoustic sensor to evaluate performance.

102~
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6.3.2.2

1. Mechanism actuated with a soleroid-actuated pin
puller.

2. Mechanism actuated with an explosive-actuated pin
puller.

The tests outlined above were conducted at 26°C.

b. Failure reports

The instrument would not fall freely within the legs with

the 18-8 stainless-steel guide pins as shown in Tigure
32

¢. Summary of corrective measures employed
The 18-8 stainless-sieel guide pins were replaced with
guide bushings fabricated from TFE Teflon.

d. Summary of experimental results
In all tests following the incorporation of the Teflon guide
bushings the instrument fell freely within the legs.

Source -indexing mechanism

a. Outline of tests conducted
The function of the source-indexing mechanism is to move
the radioactive source } inch upon a command from the
spacecraft and return it to its initial position upon a second
command from the spacecraft. The mechanism is to hold
the source in eilther of i1ts two extreme positions without
power consumption. In the actual mechanism a solenoid
imparts linear motion to a slide assembly containing the
source. A series of teeth, in a rachet-type configuration,
and a spring provide the holding arrangement. The teeth
work against an indexing pin: this combination provides
*he proper rotary alignment of slots, pin, and teeth to
zacomplish the actual positioning of the mechanisra.

The tests performed during the deveiopment of this
mechanism were designed to eliminate the following modes

of failure:

I. Failure of the indexing core due to mechanical failure
or damage to the teeth.
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2. Failure of the indexing pin due to impact.

3. Failure of the solenoid due to excessive current flow
through the windings.

The mechanism was to operate {rom an unregulated bus
At 22+4-4 volts dc through a temperature range of -65
to 150°C.

The extreme conditions {or operation therefore were as
follows:

1. At 18 volts dc (22 - 4 volts) ard !50°C when the re-
sistance of the windings was a maximum, the voltage
a minimum, and therefore the solenoid force a mini-
mum.,

2. A1 28 volts dc {22 + 6 volts) and -65°C when the re-
sistance of the windings was a minimum, the voltage
applied a maximum, and therefore the solenoid force
2 maximun.

Since the force provided by the solenoid must compress a
spring for the mechanism to operate, the spring was
chosen at condition 1. The maximum force which was
provided by the spring could be nc greater than the mini-
mum force provided by the solenoid under the specified
conditions. At condition Z the force provided by the
solenoid was in excess of the force absorbed by the spring
and provided the worst condition for mechanical failures.,

An area of 0.21 in.* was available for the solenoid windings.
Figures 36 and 37 are the result of calculated values of
iength and resistance of the windings which could be fitted
into this area; Z8-gauge wire was chosen as it would sup-
ply the necessary ampere-turns without an excessively
large current {low through the windings.

The following tests were performed on the developmental
model of the source-indexing mechanism (Figure 38).

1. A:150°C and 18 volts dc tests were performed match-

ing the spring force to the force provided by the
solenoid.
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2. Tre source-indexing mechanism was then tested
under the following conditions:

(a) 150°C and 18 volts dc¢
(b) 150°C and 28 volts dc
(c}) 26°C and 18 volts dc
{d) 26°C and 28 volts dc
(e) -65°C and 18 volts dc
(fY  -65°C and 28 volts dc

in order to eliminate the possibility of cold welding under
hard vacuum conditions and to provide a dry lubricant,
the Mallory 1000 portions of the slide assembly were
coated with TFE Teflon 0.002 inch thick.

In addition to the tests outlined above the following test
was conducted:

i.  The windings were immersed in liquid nitrogen
(-195.8°C) and aliowed to reach equilibrium.

»  The windings were removed from the liquid nitrogen
to 26°C ambient temperature, #nd immediately a
voltage of 28 volts dc was appli=d to the windings.

3. This voltage was applied for 22 sec.

Failure reports

Two failures occurred during the developmental testing,
both irvolving the indexing core. The first of these
‘Figure 39} was the mechanical failure of one tooth and
occurred at 26°C with 28 volts dc aoplied to the windings.
The material was Nylon 10i. The second failure occurred
‘Figure 40} with an identical indexing core fabricated with
Nylatron GS. This failure cccurred at -65°C with 28 volte
tc applied to the windings. Nc other failures were cb-

served.

Summary of corrective measures employed

Since the observed failures were the result of excessive
solenoid force, which developed from the change of ap-
nlied voltage and environmental conditions, the indexing
core was strengthened by increasing the amount of mate -
~ial between the teeth and the ball socket, No further

-108-




[ T

e |

&.

5.4

| Sy |

L W |

]

l

L P |

sl Red

FIGURE 39. INDEXING CORE — MECHANICAL FAILURE OF ONE TOOTH AT
26°C AND 28 vOLTS DC

MATERIAL, NYLON 1Ot




N TR, O SR £ RS ¢ AN A e s AR 8

o XL T

FIGURE 40, INDEXING CORE —MECHANICAL FAILURE AT BALL SOCKET
AT -65°C AND 28 VOLTS DC

MATERIAL, NYLATRON GS

~110-




T bos el

s asrall

.ol

" Wil L L VISR | T Rewnrsid T Wil L e Wi T TR

Phiineid TBamd

4

¥

6.3.2.3

6'3.2.4

failures were observed after this change was in-
corporated.

d. Summary of experimental results
The scurce-indexing mechanism w 1]l operate satis-
factomly with applied voltages of 22+6-4 volts dc
within a temperature range of -65 'o 150°C.

Geophone housing.

a. Outline of tests conducted
Tests were performed at 150°C to insure that sufficient
clearance was available between the geophone cap and
the interior walls of the geophone housing to allow {ree
sliding of the geophone assembly within the housing.

b. Failure reports
Sufficient clearance was not allowed with the geophone
cap as originally given.

¢. Summary of corrective measures employed
The outside diameter of the geophone cap in assembly
was reduced to provide the necessary clearance.

d. Summary of experimental results

Subsequent tests substantiated that sufficient clearance
was incorporated in the design to allow free sliding of

the geophone assembly within the geophone housing at

1506°C.

Scientific development.

This section describes the testing program carried out in
the scientific development of the Surface Density Instrument.
it is broken down to cover shielding-material comparisons,
establishment of test-area requirements, comparisons of
response obtained for different radiocactive source mate-
csials, optimization of source-shield cone angle, effects on
response due to shield removal, response of multiangle
cone shape, method for removal of response curve am-
bigaity, and radiation field strength measurement surround-~
ing the device.

Since in general the test results did not lend themselves to
fajlure analysis, the sections covering failure reports and
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corrective measures employed have been deleted. The re-

sults obtained and the incorporated changes are discussed.

A

Transmission tests for shielding comparison of lead
and Mallory 1000

The apparatus was setup as showr in Figure 41.
Count.ing~rate measurements were made as 1/8 inch
pieces of first lead and then Mallory metal were placed
in front of the collimated source container. Figure 42
shows that for the straight portion of “he curve Mallory
1000 is about 10% more efficient as a shielding mate-
rial than lead. That is, 1/2 inch of Mallory 1000 will
provide the same shielding as 3/5 inch of lead. From
these results and because of superior mechanical
properties, Mallory 1000 metal was specified for all
shielding sections.

Determination of the degree of scattering within test
laboratory

A G-M counter tube was connected to the scaler power
supply in the normal manner and a collimated radio-
active source placed a given distance away. A com-
parison of the response was made as the source was
positioned at three different distances. The results
are shown below:

Distance, 1in. Response, counts/sec
30 3069
60 1044
96 595

The source was 31.6 mc of iridium-192. By the inverse-
square attenuation law and the 30-inch reading as stand-
ard, the counting rate should have been:

Distance, in. Response, counts/sec
30 306G
60 768
350 341

These data indicate that scattering from the walls and
ceiling significantly affect the response and point out the
need {or testing in outdoor areas.
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Rad:oactive source comparison with breadboard density
instrument

A lead model density device similar to that used at
Toxaco Rellaire Laboratories was constructed and con-

ncected to the scaler power supply. PFesponse measure-

;ments were made on the lava, chalk, and marble samples

to compare the iridium-192 source with the cesiwn-137
used in the breadboard development work. The data
obrtained are plotted in Figure 43 along with the response
curve as given in the Texaco Bellaire Laboratories
report {(14) .

The instrument using the iridium-19Z source produced
a substantially higher counting rate and a slope ncarer
the i1deal 45° and thus was specified for the prototype
irstrument. An additional advantage of this compound
is that its half-life is 74 days as compared with 30
years for cesium-137, and therefore the danger of lunar
contamination is reduced.

Optimize source shield cone

Utilizing a lead developmental model density instrument,
tests were run to determine which source cone angle
would provide the best compensation for the instrument
when placed on simulated surface protuberances. Source
cone half-angles (from centerline} of 26°, 36°, and 46°
were used with the instrument placed on simulated pro-
tvberances of 1, 2, and 3 inches. The resultant data ob-
tained from the tests on lava, chalk, and marble are
ssown 1n Figures 44, 45, and 46. The curves are best
araiyzed by noting any major dewviations in response for
the various cone angles at different reights of the instru-
srient on the Java, chalk, and marble samples. It can be
sren that the 26° and 36° cone shapes have large devia-
ors {or certain combinations of insirument position

a1d sample material. The 46° ccne shape provides the
casi deviation and was chosen (45°) to be used on the
prototype model.

bt

Effects of shield material removal on instrument response
A Mallory metal developmental instrument was constructed
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similar to the lead breadboard unit, and tests were runto
determine the amount of shielding which could be re-
moved without materially affecting the instrument
response. The results obtained a-e shown in Figure 47.
‘The indicated changes were incorporated into the pro-
totype unit,

Resprnse of multiangle cone.

In order to reduce weight further, a multiangle cone was
fabricated to provide the 45° half-angle on the lower
section as required for proper functional operation and
a 22.5° half-angle on the upper section to provide the
necessary shielding for the other sensitive instruments
located on the spacecraft. The results obtained indicate
that the functional requirements were not compromised
by removing shielding from the upper section of the cone.
A later change requiring additional spacecraft shielding
necessitated a redesign which resulted in the final con-
{figuration as shown in Figure 32.

Determination of height above surface required to raise
the instrument to remove ambiguity in response curve
The Mallory metal developmental model with wire legas-
sembly was positioned on the balsa wood and lava samples
with the counter tube end of the instrument level and
raised 1, 2, and 3 inches above the normal position and
the change in counting rate between the raised and level
positions recorded. The results are shown in Table 18,

Fipure 48 shows the change in response obtained for
measurement made on balsa, lava, chalk, marble, and
barium sulfate with the density instrument in the level
position and then with the detector end raised an additional
3 inches.

From these data it was determined that a two-position
measurement could remove any ambiguity ir the re-
sponse curve.

Radiation field strength around instrument
The developmental model density instr - <nt with the 22,5%
45° half-angle cone shield was placed ¢:.. :ne ground in the

~120-
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TABLE 18

CHANGE N iNSTRUMENT RESPONSE ON BALSA AND LAVA

WITH COUNTZR TUBE RAISED 1, 2, AND 3 INCHES AROVE NORMAL

Kesponse

Materia. Instrument Position counts/mir av counts/sec

= e e #peni

R P

[ SR

B

} W )

Balsa

Level

Detecror up ! in.

Deiector up 2 in.

Detector up 3 in.

Iavel

level

Detector up ) in.

Detector up 2 in.

iyetecior up 3 1n.

Level

41,762
41,713
41,374

42,058
41,908
41,374

40,536
40,631
40,437

38,569
38,161
38,412

42,242
42,257
42,501

52,593
52, 650
52,536

53, 866
53, 386

58,484
58,187

56,877
£6,387

53,581
53, 895

695

594

675

640

705

876

97¢

943
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center of three concentric circles with radii of 5, 10,
and 23 ft. An Anton No. 356 coun’ing tube was posi-
tioned at various angles around the circles and at
different heights to measure the counting rates due to
2 40 rnc iridium-192 source moun‘ed in the densit‘y
instrument. The purpose was to see if sufficient
shielding was provided to protect the sensitive area

of the spacecraft from excessive radiation fields.

“he results obtained are shown in Figures 49 and 50

for the source in the exposed and retracted positions.

The field-strength requirement at the time of the test

was that the counting rate be less than 0.0l mr/hr for

41 cm? area 344 inches from the source situated within

the shaded area of the cone. The data obtained indicated

that the level would be approximately 0.003 mr/hr with
the source exposed and 0.00065 mr/hr with source in
the shielded position.

6.4 Components Outline

6.4.1 Notations and Explanation of Deviation from JPL and/or HAC
Preferred Parts List. There are seven purchased components

included in the Surface Density Instrument as follows:

!'. Connector - Bendix Pigmy PTS02A-14-18(005)
2. Connector - Bendix Pigmy PTS06A -845(300)
3. Squib - Per HAC Spec. No. 236182-1

4.  Fin Puller - Per HAC Spec. No. 236170

5. Geiger-Mueller counter tube - Anton No. 356
« fGeophore - Hali-Sears Model HS-J

7« Radioactive Source - Technical Operations sealed source

in pu
being qualified hy HAC. All other components are special and do not
fall under classifications within the approved parts list of JPL/HAC.

Therefore, limited qualification testing was performed prior to inclu-

uller are

The connectors are JPL/HAC approved. The squib and p

zion of these narts in the brototype instrument.
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6.4.2 Results of Components Tests.

6.4.2.1

Geiger-Mueller counter tube.

An Anton No. 356 Geiger -Mueller counter tube similar to that
utilizec o the feasibility study was sutjeczed to the tests
descrined below to determine if it would survive the environ-
mental tests 2s specified by HAC (15).

a. Ovtline of Tests Conducted - Firs: tube

1. Static acceleration

{a) 10 g for 4 min
(b) 5 g for 8 min

[
[

Vibration - sinusoidal (two planes)

(a) Nominal 1.3 g from 5 to 10 cps for 18 min

{b) 1.3 g from 10 to 35 cps for 16 min

(c) 3.0 gfrom 35 to 48 cps for 4 min

{d) 5.0 g from 48 to 500 cps for 25 min

{a) 15 g rms wga 15 to 1500 cps for 10 sec

{b) 10 g rms wga 15 to 1500 cps for 3 min

{c) 4.5g rms wga 15 to 1500 cps plus 4.5 g super-
imposed sinusoidal 40 to 1500 cps for 7 min

4. Temperature cycling 25 to -65°C and 25 to 150°C
for total of 4 hours at each temperature

5. Cooling to liquid-nitrogen temperature

b. Fa‘lure reports
The tube used in the gualification tests (Serial No. 6132)
successfully survived all static acceleration and vibration
tesis ancd the temperaturc-cycling ‘ests. 1t was not sub-

Jested to the liquid-ritrogen survival “ests,

From these results and from the knowledge that no other
vendors had off-the-shelf tubes which could fulfill the
dimensional and scientific requirements, and since that
time did not allow for tube development, the tube was
specitied for use in the prototype model. Tube Noc. 6132
was delivered as part of the surface prototype instrument.

-125-
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‘ FIGURE 43 . RADIATION FIELD STRENGTH VERSUS DISTANCE —- SOURCE

EXPOSED
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A~ onthine f the tests conducted on future tubes and failures
reports are given below,

Tube No. 6139 was subme rged ir Iiquid nitrogen after
having been wrapped in a polyethyiene bag. The tube
farled. The cavse of failure was frund to be cracked

glass at seal-off end and separatec ground wire.,

Anton tubes No. }2 and No. 20 were subjected to sinu-
soidal vibration of 10 g's from 20 to 3000 cps for 20
min. Both tubes failed. Failure was caused by cracked
ceramic seals at exit point of anode wire.

All of the above tubes utilized pigtail leads as a means
for connecting to the tube. In all cases the anode or
cathode wire separated from the tube as a result of ex~
cessively high pressure used in ¢r:mping the wire in the
holder.

At this point a source inspection was held at the vendor's
p;ant to determine possible cause for tube failure. The
inspection revealed an unusually lax quality control practice
and a poor state of housekeeping. it was recommended that
the pigtail leads be replaced with solder lugs so that TEI
might attach the wires as required. The vendor assured

us that any faulty tubes would be replaced but made no at-
tempt to improve reliability,

The tube history for subsequent tubes is given below:
. Tube No. 100 was run through the temperature-cycling

test.  The tube failed because of poor high tempera-
ture characteristic,

N

Tube No., 10! would not function upon receipt,

3. Tube No. 6202 withstood temperature-cycling tests,
but the plateau characteristic did not meet acceptance

test specifications.

»ia

- Tube No. 6207 successfully passed limited vibration
test and all accepiance tests except it was rot subjected
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to liquid-nitrogen survival. The tube was used in
the Subsurface Density Instrument.

Other tube manufacturers, Amperex Electronic Corpora-
tion and EON Corporation, were contacted so that a
second source of more reliable tubes could be found.
Joth organizations were interested in designing tubes

t0 our specification. Amperex was chosen to deliver
ten tubes on an approval basis. Three prototype tubes
h.ve been delivered and are presently undergoing quali-
fization tests. Amperex was chosen because of their
experience in building high-reliability tubes for use in
well logging and because of their manufacturing tech-
niques and quality assurance practices. It may be ad-
visable to have EON supply tubes as a backup source.

No tubes are presently being purchased from Anton-
Lionel.

6.4.2.2 Geophone.

See Acoustic Velocity section of this report for test results.

6.4.2.3 Radioactive source.
Fabrication of sealed radioactive source capsules is con-
trolled by AEC regulations. Wipe tests as specified by the
National Bureau of Standards will be performed at the re-
quired intervals to determine if the capsules are intact (16).

6.5 Packaging Philosophy

Basically the paiiosophy employed in the mechanical packaging of the
Surface Density Instrument and acoustic sensor was as follows:

l. Attempt t0 contain the instrument within a minimum
P

¢nvelope while maintaining dimensions critical for

vhoo

scientific experiments,

Z. Keoep the total mass of the instrumen: as small as pos -
sible.
3. Provide for ease of maintainability,
4. Insure that the instrument would function as required under
the expected environmental conditions.
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Two dimensions were critical {for the density experiment. These
were the distance between the source, when extended, and the Geiger-
Mueller tube and the elevation of the Geiger-Mueller tube above the
surface when the instrument was in its elevated position. From the
first of these the over-all length of the instrument was f{ixed. from the
second the over-all height. Stability requirements determined the
width of ‘he legs and, therefore, the over-ail w'dth of the instrument.

Of the total weight of 3.21 1b the material necessary in shielding the
radioactive source comprised 2.23 Ib or 69. 5% of the total weight. ,
The geophone, or acoustic sensor, incorporated within the instrument s
added 0.13 b to the necessary scientific weight. Therefore, packaging

operations controlled only 0,85 1b of the total weight or 26.5% including
Structure and mechanisms.,

Ease of installing replacement parts was provided whenever such an
arrangement would not adversely affect the operation or structural
soundness of the instrument. In mo st instances the operations re -
quired consisted of the removal of threaded fasteners.

Functional tests were performed on all moving parts under the critical
environmental conditions to insure their satisfactory operation.

6.6 Theoretical Studies , |

The developmental work performed for the Surface Density Instrument
was based on feasibility studies carried out at the Texaco Bellaire

Laboratories. Results of these studies may be found in their reports
(9, 10, 14, 17).

6.7 Envi;onmqn{al Test Results

7.1 Purchased Components. Ther environmen-al tests conducted on the
o lintntd Lomponents.

DuUrchase

S compaerents are desceribed in the compconents ocutline section,

5.7.2 Assernblies. Testing carried out for the assemblies is described
in the developmental tests section.

65.7.3 Complete Instrument. No environmental tests have been run on
the completely assembled instrument.
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In order to reduce weight and systern complexity the leg and

leg rcelease assemblies should be removed from the instrument.

De*ail comments are given in Appendix F, an internal memec-
rardum dated 4 April 1962.

A cover should be added ‘o the cone shield section to enclose
the source when in the extended positicn. Details are given
in an internal memorandum dated 4 April 1962 (Appendix G).

Detail studies should be carried out to define response char-
acteristics on unconsolidated materials.

The solenoid low-temperature operating requirement should
be limited to that of the counter tube (225°X) toimprove

reliability by lessening the danger of impact damage to the
index mechanism.

Positional-stability requirements should be established for
the instrument.
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SURFACE PENETRABILITY INSTRUMENT

URD 28, 29, and 30

Control Item X2329235
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7.1 System Description

The Surface Penctrability Instrument consists of a »iezclectric-type
accelerometer with a specifically shaped impact tip. It is to be
mounted on a pivoted-arm bracket (HAC) and dropped, one from each
of three spacecraft legs. causing the impact tip to strike the lunar
surface at about 4 {t/scc., Two of these tips are compound conical
tips and one is hemisplerical the conical tip offers the better infor-
mation upon impact with a hard material, such as rock, whereas

the hemispherical tip gives somewhat better results in sand.

The output of the instrument, then. is the deceleration-time history
of its impact with and penetration of the lunar surface. From this
record several distinguishing characteristics may be obtained:

a. Pulse height, maximum or mean, in units of acceleration.

b. Pulse width, in units of time.

c. Characteristic shape, including bounce, harmonics, etc.

d. Slope or rate of deceleration, in units of acceleration per
unit time.

e. Velocity and displacement histories, obtained by successive
integrations of the curve.

Thus the lunar surface material is to be classified in terms of equivalen:
earth material by the comparison of its characteristics to those ob-
tained in the laboratory.

7.2 Equivment Description

parameters of the penetrometers are as follows:

a. Dimensions, over-all: 1.00 inch in diameter by 1.712 inches
in lerig:h, depending upon the thickness of the HAC bracket
{assurned 0.038 inch).

b. Weight: conical-tip models (URD 28 and 29) weight, 42.5
grams (0.094 Ib). Spherical-tip model (URD 30) weight,
45 grams (0.099 1b) . Total weight, 130 grams (0.287 1b).
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c. Electrical connector required: Microdot Series 32 screw-

r-

ype or Endevco 3090 low-noise cable assembly.

The dimensions and center-of-gravity locations are shown in Figure &51.
The materials are as follows:
a. Accelerometer case: Type 303 stainless steel.

b. Accelerometer stud: Type 416 stainless steel with magnesium
oxide insulation.

c. Tip base: 2024-T4 aluminum, clear svlfuric acid anodized.
d. Hardened tip (conical): M-2 HSS hardened to Rc 60-65

The accelerometers are Endevco Corporation Model 2233M11 with a
modified 2980B insulating stud.

The accelerometers do not consume power; they are piezoelectric de-
vices. The Endevco 2620 charge amplifier used with the accelerometer
(not TEI furnished) requires +28.5 volts dc 9% and draws 25 ma or
0.714 watts.

7.3 . Testing And Calibration

7.3.! Results of Functional Tests. The penetrometer final acceptance
tests were reported to JPL as our TM-1330 (18). This report will not
show all the oscillograms in TM-1330, although some of the data will ap-
pear here.

In general, these tesls were carried out on the test fixture shown in Fig-
ure 52. They were performed on man-made materials for maximum re-
producibility, on natural materials to study characteristic deceleration
curve shapes, and at high and low temperatures and under vacuum con-
ditions to simulate environment. Oscilloscope traces of the instrument
deceleration were photographed and the decelera‘ion in g's (maximum
value of a mean line) and the width of the pulse a® the base line in milli-

seconds were measured and recorded.

7.3.1.! Accuracies obtained.
Tables 19 and 20 show that the repeatability of maximum de-~
celeration and pulse width on man-made materials varied
from 3.9% (maximum variation from average) on gum rubber
10 %. 1% on aluminum. On natural materials 25% was not un-
coramon, as can be seen from Table 2.
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52. PENETROMETER TEST FIXTURE
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TYPICAL PULSE DIMENSIONS ON MAN-MADE MAT:ZRIALS

TABLE 19

3-inch Drop Height

Material

Room Temperature

Pulse Height,

Pulse Width,

Tip Earth g's msec
Urethane Foam Conical 12.1 14.9
12.5 15.8
Spherical 9,72 17.7
9,92 17.8
Gum Rubber Conical 42.5 7.99
41,7 8.05
Spherical 62.2 4.84
62.6 4.83
Lead Conical 156 1.06
154 1.01
Aluminum Conical 324 0.442
325 0.437
Mild Steel Conical 751 0.218
747 0.216
Tool Steel Conical 2490 C.
2400 C.1

w
0O
t
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TABLE 20

' PARTIAL RESULTS OF PENETROMETER CALIBRATION TESTS

Run 1/29/62-2/3/62

Accelerometer Serial No.

Gurmn Rubber, Spherical Tip

Aluminum, Conical Tip

Mild Steel, Conical Tip

Pulse Height, g's

Pulse Wicith, msec

DA58 DAS59 1DA60 I"A58 DA 59 DA60
62.6 62.6 59.9 4.86 4, 39 4,386
62.0 63.1 59.3 4,88 4,9C 4,55

318 214 303 0.435 0. 5490 0.427

325 319 304 C.425 0.530 0.429

718 774 771 0.224 0.242 0.236

719 771 771 0.224 0. 241 0.239
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L5E DIMENSIONS ON NATURAL MATERIALS
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Mat ri 1
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7.3.1.4

1t =hould be noted that the band is wide (2 to 200C g's or
‘hree orders of magnitude) and that repeatability will
»robably be of secondary importance to characteristic

Yorm as useful information.

Dezartures from JPL functional requirements.

JF L has expressed a desire for a 5% band of repeatability
of raximum deceleration and pulse width cor 2.5% variation
frem average on man-made materials and 10% or natural
m: terials. We have been unable to attain this accuracy thus
far. It is believed that the major ceviatioa is due “c varia-
ticns in the test materiais.

Denartures from JPL design specification.
We are aware of no departures.

General summary of scientific objectives cobiained and ex-
perimental results.

"The ability has been demonstrated to produce a signal that
represents the deceleration history of the instrument as it
strikes a surface. From this signal can be obtained the
characteristic curve form of the particular material under
test along with a calibrated pulse height and width, which
are measures of the maximum deceleration and the time
length of pulse.

Itepeatability between instruments has been shown to be gen-
¢rally within a 10% band on man-made materials and within
& 25% band on natural materials.,

It may be noted from Figures 53 and 54 that the deceleration
varies linearly with the drop height up to a point. Then in
unconsolidated material, such as sand, when the drop height
becomes high enough to cause the penetrometer to bury it-
scif o its maximum diameter, the curve changes slope.
Simiiarly, when the tip begins to chip or flake a consolidated
meterial, such as marble, the slope changes.

The instrument has been operated successfully at a pressure

of 107> mm Hg. Unconsolidated materials follow different
ra‘terns. Powdered pumice becomes much softer in a vacuum;

~142-
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i.e,., the g value goes down. In sand, however, the opposite
is true’ the vacuwn causes the sand to resist penetration.
This can be seen in Table 22.

The penetrometer s relatively insensitive to temperatures

from -60"C to 125°C as can be seen from Table 23.

7.3.2 Results o Devclopmental Tests. The original work on the pene-

trometer was done at —exaco's Resea~ch and Techrical Department at
Bellaire, Texas, under JPL Contract N-33552 and was report2d in their
Partial Report No. 9 (19).

The design at the time that TEI entered the program consisted of essen-
tially the same accelerometer unit with a steel 60° tip. It was enclosed
in a vertical hollow tube and was released at the top and allowed to I’
slide the length of the tube and strike the test surface. }

The decision had already been made that the unit would be dropped from i
a pivoted arm and that one hemispherical and two compound -angle .
conical tips would be used. TEI had only to design these units and de- 5
velop the test and calibration hardware and procedures. :

7.3.2.1 Outline of tests conducted.
a. Tests were made to prove the performance of the hem-
ispherical and compound conical tip when they were {first

made.

b. Tests were run to find a set of test samples, man-made

and natural, that would give a maximum range of decelera-
tion values to reasonable intervals. At the same time an {
attempt was made to select the most homogeneous of all
the materials for use in the repeatability studies.

c. Tests were made to select the amplifier to be used and
:lso to desensitize the accelerometer to prevent the
zmplified signal from being clipped on the harder mate-
rials and yet retain maximum allowable sensitivity for
signal strength on low-deceleration materials.

d. The calibration and final acceptance tests had to be developed.

This program turned out to be the most time consuming of |
a1l the tasks. ‘
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FIGURE 53. PENETROMETER VARIABLE-DROP-HE!GHT TESTS IN SAND
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TABLE 22

lY__FI.CAL PULSE DIMENSIONS IN VACUUM

3 _inch Drop Height Room Temperature
Pressure, Pulse Beight, Fulse Width,

Material Tip _mm Hg Earth ¢'s msec
Pumice (Powdered) Conical 760 6.65 12.5
7.88 15.4
107° 4.19 17.5
3.95 12.7
Spherical 760 9.50 12.5
8.87 10.0
1073 3,63 18.0
3.47 22.8
Sand Conical 760 8,72 12.2
7.87 11.0
1073 13.8 6.7
14.6 6.5
Spherical 760 6.07 16.7
7.38 15.7
107° 11.2 4.4
16.1 3.9
Lava Conical 760 82 3.5
55 2.4
1073 71 3.6
72 3.2
Spherical 760 130 1.4
130 1,4
1072 170 1.7
170 1.5
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TYPICAL PULSE DIMENSIONS AT TEMPERATURE EXTREMES

TABLE 23

3-inch Drop Height

Temperature

-65°C

Room

125°C

Spherical Tip on Gum Rubber

Pulse Height,
Earth g's

62.7
62.2

“147-

Pulse Width,
msec

5.09
5.03

4.86
4,88

4.89
4.92
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7.3.2.3

Failure reports.
No compcenent failures have been exnerienced; however, since
it was fclt that the accuracy of repeatability should be greatly

umproved, a great deal) of work was done in attempting cor-
rective practices.

Summary of corrective measures.

in an attempt to improve repeatability several modifications
were made on the test fixture:

a. The unit was pinned at the correct drop height.

b. The pivot bearing was replaced with a flexure.

¢. The release mechanism was modified to improve align-
‘ment of the penetrometer.

d. The diameter of the oscilloscope trigger spring wire

was reduced to minimize any force on the dropped unit.
e. The mass and rigidity of the test fixture were increased.

f.  The calibration techniques were refined.

Summary of experimental results.

The procedures and techniques of calibration have been greatly
improved, although the repeatability has not improved to the
same extent. The greatest single improvement resulting from
the effort is the increased quality assurance.

The man-made test samples chosen for calibration were

ur~thane foam, gum rubber, hard rubber, aluminum, and
miid steel.

Thr~ Endeveco 2620 Charge Amplifier was chosen as reported
in i imemorandum titled "Feasibility of Using a Charge
Amplifier with the Penetrometer, " which s included in this

repert as Appendix H.

The Penetrometer Final Acceptance Test Report (18) and the
Penetrometer Checkout and Calibration Procedure, included

as Appendix I, indicate the developed test and calibration pro-
cedures.
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7.4 Components Outline

7.4.1 Notation and Explanation of Deviation from JPL and/or HA

Preferred Parts List, The electrical connec*or on the ac-

celerometer does not comply: no miniature coaxial connector does.
The manufacturers felt that the connector, howevar, is a great deal
more reliable than a pigtail. Two companies stated this opinion,
both based on past experience.

7.4.2 Results of Components Tests. The purchasec components have
been satisfactory in every case. The Penetrometer Test Booklet, which
will accompany each set of instruments, will show the TEI acceptance
tests run on the accelerometers.

7.5 Packaging Philosophy

The only requirements of the penetrometers are that the tips be securely
attached to the accelerometers and that they be shaped so as to give
them the best possible chance of striking the lunar surface, even in a
severe depression,

The hardened tip is set in its base under pressure, and both tips are
torqued through the bracket and insulating stud (since the accelerometer
is case grounded) to insure good coupling. The diameter of the as-
sembly is kep? to a minimum to lessen the chance of the point being
held off the test surface by premature contact by some other part of
the instrument. This philosophy is also carried out by the HAC bracket.

7.6 Theoretical Studies

No such studies were performed.

7.7 Environmerital Test Results

4

tests were made both on the comiponents as component
acceptance tests ‘see Penetrometer Checkout and Caiibration Procedure,
Appendix I) and on the instruments for the Penetrometer Final Ac-
ceptance Test (18).

Envircnmental

7.7.1 Report of the Survival of the Instrument under Conditions of Its
Particular Environment. The instrument has survived, one at

- . - . -5
a time, liguid nitrogen temperature, 150°C, and 1077 mm Hg vacuum.
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It has been operated 2t -65° and 125° at 10 mm Hg vacuum.
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arlure Report. There have been no instrument failures.

Recommendaticns

The penetrorneter test {ixture should be mounted on a heavy
plate to lessen the effect of using a small and therefore high-
natural-frcquency test sample.

The accelerometers should be recalibrated with their
modified insulating studs by the manufacturer after their
acceptance tests but before calibration.

In view of the similarity of results with the spherical and
conical tips on low-deceleration surfaces, such as sand,
the spherical tip should be abandoned and replaced by either

a single 60° point or by the compound point used on the other
two instruments.
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SURFACE ACOUSTIC VELOCITY INSTRUMENT

URD 24 and 25

Control Item X239220 and X239221
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8.1 Svstem Description

.

This experiment was designed to determine the sonic velocity of the
'unar surface aleng two overlapping paths by record.ng the time that
elapszs between *he generation of a seismic wave by an electrically
fired explosive squib and its arrival at each of two cetectors placed

in known positions relative to the source position.

The source shown in Figure 55 is designed to be lowered to the lunar
surface from the spacecraft, from which it must be acoustically de-
coupled, where it will, upon command, fire six explosive squibs in
succession. It is desirable to put as much of the explosive energy as
possible into the seismic wave, but a certain amoun: of the energy must
be used to stabilize the source,

The seismic detector, or geophone, is a velocity-sensitive device

which generates a voltage when its spring-suspended coil is moved in

its magnetic field. One of these devices, shown in Figure 56, is
dropped from a leg of the spacecraft, and the other is an integral part

of the density device, which is lowered to the surface from an extended
boom approximately in line with the source and first sensor and some
distance away. They must also be acoustically insulated from the space-
craft.

An accelerometer in the subsurface sonde will be used as a seismic wave
detector and will also pick up waves generated by the surface source.

8.2 Equipment Description

The over-all size of the acoustic source is 3.95 inches in diameter by
3.03 inches high. Its weight without squibs is 0.348 lb, and with six

of the squibs used Jor testing its weight is 0.488 1b. Since this unit
was built to take a squib with a 3/8"-20 thread and :t has since been
decided that a 1/2" - 20 thread squib will be used, this weight mavy
cnange. The power reguired depends also on the squib selection, which

nas not been mace at present.

The first acoustic sensor will {fit in a cylinder 1.28 inches in diameter
by 2.62 inches high. Iis weightis 0.191 lb, and it consumes no power,
being a voltage-generating device.
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The s parameters along with center-o'-gravity location of the source

and f{.rst sensor are shown in Figure 57.

The second acoustic sensor is described in the surface-density section;
it rnakes use of « geophone identical to the one used as the first sensor.

Likewise, the sibsurfzce sensor is described in a separate report.
The source holder material is 6061-T6 aluminum welded with 4043
wire. The assemnbly is clear anodized, and the fee' are coated with

epoxy and silicen carbide grat.

The sensor is copper and nickel plate on steel with clear anodized 2024-T"4

aluminum cap and tripod. Fasteners are 18-8 stainless steel.

8.3 Testing and Calibration

8.3.1 Results of Functional Tests. The final acceptance and functional

test program for the sonic-velocity experiment was carried out at the
Jet Propulsion l.aboratory between 12 February anc¢ 19 March 1962 by
JPL personnel with the help of personnel from Texaco. The final report
written by JPL on this program will cover the functional tests.

8.3.2 Results of Developmental Tests. Practically all of the testing

done at Texaco Experiment Incorporated was devoted to developing the
acoustic source and determining a satisfactory exp:osive charge size.
The acoustic sensor as developed by the feasibility study and bread-
board development program at Texaco Research and Technical Depart-
ment in Bellaire, Texas, was quite satisfactory, but the source did not
perform weil in the vacuum chamber and therefore had to be redesigned
on this contract. This 1s reported in Bellaire's Partial Report No. 10
dated 21 August 1961 (20).

The acoustic source had to be strong enough and stible enough to with-
stand the six shots without failure or overturning and at the same time
crouple efficient v with the lunar surface. The rest lting source was able

: . : -3 .
10 withstand six sa0ts on sand in a vacuum of 107" mm Hg.

It is necessary to match the size of the explosive charge to the size of the
hole in the bottom of the source bowl since this hole determines the
amount of the generated blast energy that will be used to hold the source
down and the armount that will be passed through to-generate the seismic
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cetermined Ly starting with a small hole and suces-
sively testing and enlarging until the source left the surface when fired.
When the final squib selection is made, the size will be more exactly

bracketed by firing the source spring-suspended in a vacuum chamber.
A reasonable source size was determined by relative signal stren rth
in a range of materials as the equivalent of 2 grains of Hercules Ki-

Temp powder.

8.4 Components Dutline

The geophones were purchased as a stock itern and came with cadmium-
plated cases. Between the stripping and replating operation and the
acceptance tests only two units out of the original 10 remained usable.
Steps will be taken to improve this by the use of specifications to the
manufacturer. Geophone acceptance test procedure is shown in Ap-
pendix J. Squib selection and qualification will be the responsibility

of JPL.

8.5 Packaging Philosophy

The source must be strong enough to withstand its blast, stable enough
to remain upright, and designed to put a maximum portion of its blast
energy into the seismic wave.

The metal thicknesses required for welding are quite sufficient to with-
stand the blast stresses. The shape i1s such that the feet are tripod
and as far apart as the assigned envelope would ailow. The feet are
grit coated to give additional purchase on sloping terrain. The bowl
catches a portion of the blast wave coming from the squib and reverses
i*s direction; the resulting reaction holds the unit against the thrust
generated by the squib. The major portion of the blast passes through
the hole in the bot‘om of the bowl and strikes the ground, generating
the required seisrmic wave. The bowl must be far enough from the
ground to prevent any pressure build-up underneath the bowl: this situva-
tion is also he:ipec Ly making the radial path divergent so that the gases
can expand as they move out,

sensor must be acoustically coupled to the ground but not to the
pacecraft. The tripod base on the sensor was selected by JPL as
eing satisfactory. The aluminum cap serves as an attachment point
for the HAC bracket and the electrical connector and as a shield for the

connecting wires.
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Allfavricated parts on both units are aluminum “0 conserve weight and

anodized to prevent corrosion. Fasteners are s‘ainless steel.

8.6 Theoretical Stidies

A short mathematical study of aroustic waves in the lunar surface wasg
Y

made ancd reported in Texaco Experiment incorporated TM-1325 (21).

8.7 Invirornmental Test Results

Both the source and sensor have been operated a: temperatures of -50°C

and 150°C and in a vacuum of 10”3 mm Hg but under only one condition

at a time. No failures were observed, but satisfactory operation of the
source will depend upon the squibs, which have not been specified.

8.8 Recommendations

None.
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PRACTICES EMPLOYED

“he quality assurance practices emploved during the manufacture of
the Surface Geophysical Instrument included the following:

l.

Incoming Acceptance Tests of Purchased Compconents

Incoming acceptance tests were performed on the following pur-

chased cornporents according to the applicable cocuments:

Comgonent

Counter Tube

Geophone

Accelerometer

Interferometer
Spectrometer

Thermostat

Applicable Document

387-234-99, Counter Tube —
Incoming Acceptance Test (22)

387-234-97, Geophone —Incoming
Acceptance Test (23)

387-241-99, Accelerometer »
Acceptance Test (24)

387-212-89, Acceptance Test Pro-
cedure —Interferometer Spectrom-
eter (1)

387-224-97, Thermostat Acceptance
Test (25)

Inspection of Manufactured Parts

All manufactured parts were inspected to assure compliance with
the engineering drawings.

Acceptance Tests of Manufactured Components

Accepiance tests were performed on the following manufactured

components according to the applicable documents:
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Component Apnlicable Document
Penetromsaoter 387-241-89, Penetrometer—Mate -~
Stecl Points rial Acceptance Test (26)
Penetroneter 387-241-97, Inspection Procedure —
Con'cal Points Conical Points (27)

Density Scurce Position- 387-234-9., Source Positioning

ing Solencid Solenoid Acceptance Tes® (12}
Density Explosive Lower- 387-234-89, Explosive Lowering
ing Device Device Accentance Test (11)

In-process Inspection

During the assembly of the surface instruments each subassembly
was checked upon completion. The cognizant engineer for the
particular instrument observed each step and assured compliance
to the engineering drawings. Solder joints were inspected with a
stereoscopic microscope at 10x magnification to assure quality

of workraanship. Mating parts were visually checked upon as-
sembly. All welds were inspected for quality by x-ray and dye-
penetration methods.

Checkout of Completed Instrument
Each completed instrument was checked according to the following
applicabie docurnents:

Instrument Applicable Document
Surface Density Instru- 387-234-94, Checkout Procedure —
ment and Acoustic Sensor Surface Density Instrument and

Acoustic Sensor (28)

Surface Magnetic Suscepti- 387-253-99, Inspection Procedure —
bility Instrument Surface Magnetic Susceptibility
Device (29)

387-253-97, Checkout and Calibra-
tion Procedure —Surface Magnetic
Susceptibility Device (6)
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: Surface Thermal 387-224-99, Checkout Procedure —
o Diffusivity Instrument Surface Thermal Diffusivity
- Instrument (30)

- iy
| Surface Penszt-ability 387-241-95, Checkout Procedure —
- Instrument Penetrometer {Z1)
-
- In addition, all instruments were checked accorcing to Specification

" 387-241-87, Final Inspection Procedure (32), before delivery. The
Ll . .. . .

, acoustic source was proof-tested by firing two squibs simultaneously.
" The quality assurance on the interferometer spectrometer as per-

formed by Block Associates, the instrument manufacturer, is rather
limited at this time. Their quality assurance effort is presently per-
formed by designers and fabricators. However, steps have been taken

4

b

to institute an acceptable quality assurance program at Block Associates.
! Time and availability of qualified personnel are the only limiting factors.
-
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11. APPENDIX

A. Miscellaneous information on the Interferometer Spectromeater

Maich 15, 1962

J. J. Thomas/F.. L. Brown
Jet Propulsion l.aboratory
<800 Oak Grove Drive
Pasadena, California

Subject: JPL Contract No. 950155 - Your Telegram dated March 8,1962

Gentlemen:

This letter is to answer the quesuions you asked in your telegram of

March 8, 1662,

l« The modulation efficiency (H) of the Iota Beamsplitters is in
the range of 0.25 to 0.35. Laborious calculations, however,
prevent the specific modulation efficiency for a particular in-
strumenrt at this time. Since this number varies with the
te.’ ™ coating on the KRS-5 substrate. measurements on
rec. -tings will have to be made and will be forthcoming

irom Block in the near future.

2. The transmission constant (Qy) has not been computed for the
Ilota ontics. 1t can be calculated knowing the reflection loss
ver sarface of KRS-5. This measurement will shortlv be

computed by Block and will be forwarded to you.

(VS
<

The tirroughput (84} is 0.0094 steradian-cm® as shown on the
ray tracing includecd with th's letter.

4. The noise eguivalent power {N) may be computed from
N =VSpAF, /D*, Sp and AFy are known but lacking informa-
tion on D* (see 7 below) this information will have to be

derived irom Block at a later date.

5. The ficld semiangle {y) is 6°19' as shown on the ray tracing.
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6. The maximum convergence semiangle (y') is alsc shown
and 1s 45° at the cdetector.

7. The noise (quivalent power from the detector (D*) is
given in terms of how much it exceeds a resistor of the
same resistance as the {lake. In this particular case,
Baraes's information on its bolometer {lake is 1.38
times the flake resistance, which is 0..42 megohms at
25°C. Thus only the equivalent no:se o” a similar re-
sistor needs to be known.

8. The mirror constant velocity period (T) is 0.294 sec.
1

9. The spectral resolution (AY) is 71 cm .

10. The total wavelength measuring interval of the lota-00!
is 5-30 microns.

Applying the above information to solve for NEPD we have:

NEPD

YAT/HOASp D* Qy,

It

(0.0383)20.294/(0.35) (0. 0094)0. 01 D*Q,,

Since D* and Q, are not presently known, the NE¥D cannot be com-
puted. We howe to have this information shortly. However, Neils
Young of Bloc« Associates has suggested that in order to determirne
the instrument function it is not practical to multiply together all

the factors which you bring up.

it is useful, however, to remember what factors do affect the instru-

raent function s that peculiarities (for exampie, the possibility of a

temperature -dependent reversible instrument fur.ction) can be traced

10 “he correct factors. For example, such a temperature dependence,

which we zre Hroesently *rving 1o determane here at TEI, would not be
1

blamed on changes of throughput - but rather on changes of D*.

The instrument function should be obtained from repeated and numerous
spectra for many instrument as well as source temperatures. The
correct instrument function is then obtained by repeated application of
blackbody tables. The instrument function will, in general, be a function
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of the instrument temperature only —but it may be found that it de-
pends upon other factors such as supply voltage. If so, then only
through severe ‘esting can we find this out and do something about iz,

Methr;.d of o‘:-t:’tining temperature from Io!a recorded

inter’e rogTrams.

To m:asure an unknown temperature within the limits of
our d2vice, we first make a series of tests with known
biackbedy temperatures, thus calibrating our device and
from there work backwards.

To do this we make use of a blackbody radiator, knowing
its temperature. With the sensing head detecting the
known blackbody spectral radiance we make an interfero-
gram. The output of the postamplifier is fed into a tape
recorder, recording at least 100 sweeps in 33 seconds.

We take this tape, form a loop, and play it back into our
wave analyzer. Of course, with the instrument on the moon
telemetered digitized information will be received. This

in turn will be fed into an analog computer where with com-
bined known data the computer will solve for the desired
information.

The wave analyzer in turn will select a particular frequency
from the band of frequencies being fed in‘o it. With the tape
loop being played back at a faster rate than recorded rate,

the frequencies will be averaged out giving spectral resolution
equivalent to one sweep; but it will be within the capabilities

' this resclution due to the wave

of the wave analyzer to "'see’
analyzer passband. Taking this informa‘ion from the wave
anaiyzer and feeding it into an X-Y recorder the relative in-
rensity of different {requencies over a known band of {re-
guencies is recorded. With this "interferogram' we normalize
its armplitude with the response calibration of the tape recorder.
Then using Fy = yB/T, we calculate the wave numbers per the
autocorrelated frequencies of the Iota output. Along with this
information we plot the per cent full-scale amplitude versus
wave number. This curve plotted, we will call the Iota measured
response curve. Through the use of selective infrared pass band
filters we calibrate our interferogram versus the autocorrelated

frecu=ncies, Later, we will have a t-ansparent grid that will
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direcilv ~onver: the autocorrelated ‘requencies irto wave numbers (4

and per cent ‘ull scale to facilitate case of plotting.

Now with the emperature of the bolometer and blackbody known, we
plot the theoretica: blackbody spectral radiance, computed {rom a se:
of tables, for each temperature. This 1s done by solving X\ for each

Ny for the bolometer and blackbody temperature. From the tabies we
see that for a particular X\ at temperature T for the bolometer we have
a value for the spectral radiance of the blackbody. We do this also for
the blackbody temperature for each Ny . With this information we sub-
tract each vaiue of spectral radiance to obtain aAN\. Solving for \Zfor
each N\ we find AaN; by using ANy, = AZANX. Ther. we plot this calculated
difference radiance curve just above the lota measured response curve.
Now the ratio of these two curves, the lota measured response curve
versus the tneoretical calculated difference curve gives the total ab-
solute response curve of the lowa.

This total absolute response curve of the particular lota will, of course,
be unique in that it contains all of the peculiarities of the instrument.
Any deviation, of course, will have been determined, compared, and
calibrated before this response curve. Of course, many trials and
tests will determine these factors.

With this information we are now ready to measure an unknown black-
body temperature. Really all we do is to work backwards. With the
information being received from the jota we feed it into our wave
analyzer where the relative amplitudes of the spectral components will
be plotted into an interferogram. Of course, when this is being re-
ceived from the moon, all data processing will be carried out by a
computer. ir this case though we divide the total absolute response
curve by the iota measured response curve. This gives the calculated
difference raciance curve. Knowing the bolometer temperature, we may
readily solve for the temperature of the blackbody.

oxamp.e!

This will explain the process by which an unknown blackbody temperature
may be determined by use of the lota. Only here we will just give an
example of one wave number of the entering radiation.

From the interferogram using Fy = vB/T
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100 x 0.294

We sce that for By, = 100 cps,

S 279 x 10°%
= 1053 cm ™}

1)  For this wave number we {ind its amplitude in »er cent full scale
assuming fuil-scaie deflection of the recorder s 30 mv/10 in.
its amplituce is 70% of full scale; therefore this would correspond
to 0.70 x 30 = 21 mv on the lota measured res»onse curve pro-

vided the tape recorder response is l:l.

2) Assuming the blackbody temperature is 400°K and the bolometer
temperature is 300°K, we see from the tables that the theoretical
spectral radiance of blackbody N\ for 300°K is 9.972. Also from
the tables we see that the spectral radiance of blackbody of N\
for 400°K is 35.79.

Since ¢ = 1053, 9.5 =\

3) ANy = N, - N;\ = 25.818

Since A% = (9.5)%=90.25x 107% cm?
4) Then AN, = 90.25x 107® x 25.818 = 2.330 x 1¢~? pw/cm-sr.

5) Dividing this quantity into the lota measured response we get
.009 v/uw/cm-sr.

This value then is one point plotted on the total absolute response curve
for the Iota: with this curve we can now work back “o solve for the
blackbody temprrature.

Example:

From the lota n.ecasure response curve transmitted back we do as we did

before, i.e., solve for per cent full scale at 100 cps:

b—t
~—
-
>
s
n

his.equals 2] mv.

2) Dividing this by the total absolute response value corresponding to
100 cps or 1053 ¢cm ! wave numbers we have 2.33 x 107° puw/cm-sr.
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Since A :s 90,25 x 10”% cm

Ut

3} We soive for ANy = 25.818

Now we Fnow the bolometer temperature and therefore its black-
body ~pectral radiance; solving for

4) Ny = N,y * 25.818 = 9,972 + 25.818 = 35,79

5) Looking at the tables for ¢ = 1053 = 9,5 uwe see that 35,79
correspcends to a blackbody spectral radiance of 400°K or the
temperature of the unknown blackbody,

I hope that th s information will help answer your questions which you
asked., Realizing that this information is hardly complete in the sense
of absolute values, we hope that after many tests these specific numbers
will become less important as bits of information and that the over-all
information and accuracy will be paramount in striving for absolute ac-
curacy.

Sincerely,

TEXACO EXPERIMENT INCORPORATED

R. E. Canup
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Suoglement

The symbol convention to be used by us in all future correspondence

on and discussionas of theoretical calculations concerning interferometer
spectrometers saall be as follows: Block's convention is shown and is
also used in this, but it will be discontinued by us henceforth.

Block Our
Convention Convention

Na N\ Absolute spectrzl radiance of a
blackbody in terms of wavelength
bandwidth.

Ny N, Absolute spectral radiance of black-
body in terms of wavenumber band-
width.

X A Wavelength

Y n Wave number

o)
<

Frequency of infrared radiation
Fy F Audio frequency

This convention ‘or the most nart conforms to that used in '"Tables of

\

Dlackbody Radiation Functions' written by Mark Pivovonsky and Max

o]

. Nagel and published by the Macmillan Company. The convention
choice was made because this book will be used for computing cor-
rection curves and finally temperatures of blackbodies at unknown tem -
peratures. Please refer to the above book for more detailed definitions
of the terms anc for definitions of other terms.
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I0TA-0OPTICS LAYOUT

1 fo— .29 — . GEOM. LIMITS

| : I
| | /‘00#
i 2204 y 220 ¢ i /

L]

/ / !/.220 ¢, P.P OF DETECTOR LENS
$ 12°25 MmAX AK
\\L !/ FLAKE

3
17 =1en”t (L10)=6%197;..0383 sr

vk

THROUGHPUT g, =(0.0383)(0.110)% = (2.54)% = .0094 e¢m*-sr
[cHECK: 8o S S, Sz /12 =(0.2455)%/(2.54)* = 0.00935 cm?-sr

FOR CONVERGENCE SEMIANGLE y'=45° AT DETECTOR (i.84 sr)
S4 =(0.0094)/(i.84)=0.00511 cmZ = 0.51! mm?
MiINIMUM SIZE FLAKE TO ACCOMMODATE THiS IS (4/w) /0511
=C.9! mm squars

M tan 45°%/tan 6°:9° =9.09; 1/M =0.11C FROM PP Y0 FLAKE

£.7L. OF DETECTOR LENS, F=0.98"

FREE APERTURE 2 0.220" ¢
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B. Data Reduction Information from Tests cf the

Interferometer Spectrometer

April 11, 1962

/v

J. J. Thomas/i.. L.. Brown
Jet Propulision _aboratory
4300 Oak Grove Drive

Pasadena, Caililornia

Subject: JPL Contract No. 950155 - Data reduction information from
tests of Interferometer Spectrometers

Gentlemen:

Enclosed are six (6) copies each of the temperature calculations using
the spectrograms obtained during the acceptance tests of the Block
Interferometer Spectrometers. These spectrograms are in the test
booklets sent to you earlier, but we are including additional copies
with the calculations to keep confusion to a minimum.

The temperature calculation for each instrument is as follows:

1) Instrument total absolute response (TAR) is calculated
using the spectrogram obtained when the instrument
was viewing a 150°C blackbody or in the case of URD 27
a 127°C blackbody.

2) The teimnperature is calculated using the spectrogram
obtained when the instrument was viewing a blackbody
warmer than the bolometer by approximately 20°C.

W
S

The temperature is calculated using the spectrogram
obiaincd when the instrument was viewinz a blackbody

colder *han the bolometer by aporoximately 20°C.

4) The temnperature is calculated using the spectrogram
obtained when the instrument was viewing a blackbody
somewhast colder than the bolometer. (Later discussions
will clarify the "somewhat" used here.)

5) For URD 27 an additional temperature was computed for

the blackbody approximately 20°C colder than the bolometer.
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6) For URD !l an additicnal computation was made for both
blackbody warmer than bolometer by 20°C and for black-
vod colder by approximately 20°C.

The errors in calculated temperatures vs. measured tem-
perature are as follows:

Degrees of Error

Calcuiation No. URD @ URO 11 URD 27
1 TAR TAR TAR
2 7 8 0
3 36 9 8
4 1 35 27
5 -- -- 2.5
ba -- 11 -~
6b -- 2 --

Calculation numbers correspond to the temperature calculations enu-
merated above. These numbers are marked on the calculation shee:s
and the corresponding spectrograms.

Some of the errors are quite large; however, reasonable explanations
for the errors are as follows:

1) Temperature control of blackbody was manual excepting
thermostatic control of highest temperature. Manual
control prevented stabilization of blackbody temperature.
This manual control gives random error of underterminable
magnitude.

2) Senszor temperature was not known to the required accuracy as
cxpiained in our letter of April 4, 1962 {improperly cali-
Srate¢ resistance thermometer).

)
s

‘

Ave raging of spectrograms was not used because:
a} the frequency response of the available tape recorder
is not adequate.

b) time limitations during performance of acceptance test

-

did not allow us to obtain sufficient data.
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Since the tape recorder was not used, the time required
led

to complete one spectrogram was six minutes. This

cornbined with manual temperature control caused con-

siderable blackbody temperature drift during the measur-
inz interval.

inhe speclregram average vaiue was obtained manuaily. The

error caused oy this method of averaging is undeterminable.

Erroneous information for smailer wave-rumber sigrals is
causec by the wave analyzer (zero mark of wave analyzer is
toc near the desired information).

‘ The following steps are Leing taken to correct the errors outlined in
the preceding paragraphs 1 through 5.

tad

—
L

2)

Automatic control of blackbody temperature has been installed
and is now being tested. With this system, we should be able

to hold the blackbody temperature to within one degree at any

one temperature in the range between -50 and +250°F.

We are trying different blackbody designs to determine, if
possiblie, the error that could develop from emissivity, thermo-
couples imbedded in the blackbody surface, etc.

We have written for Block Associates a test procedure to insure
the accurate calibration of the temperature sensing device in
the sensor head. This procedure includes the measuring of the
regulation of the 12V bus, linearity of the series resistor,
resistance change versus temperature of the resistance thermo-

¢ler, lime variation dependancy in output, etc.

A tape recorder has been orcered that will more than satisfy the
requirements necessary to record the output of the interferometer,
This will aliow averaging 100 spectrograms for a more accurate
determination of temperature.,

Utilizing this tape recorder will reduce the measurement time
from six (6) minutes to 33 seconds, thus minimizing any tem-
perature drift of the blackbody.

We are in the process of locating and purchasing a digital de-
vice which will convert the wave analyzer output into bits of in-
formation which will in turn be fed into our computer for automatic
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‘ temperature computation. This will allow us to make many
calculations in a relatively short period o’ time. This system
\ will probably be ready when we test the third set of instru-

ments.

Tor the second set of instruments, we wili s1il]l have to do much
o of our averaging by hand; but {filter networks may reduce this.
error scmewhat. We arc articipating the reduction of the

, sources of error now present to a tolerable amount, thatis, to
* the error caused by the noise threshold irnposed by the boiom-

eter itself,

5) The solution to this problem of the zero mark of the wave
analyzer is to remove this zero reference mark entirely from
the spectrogram. If we use suitable optical interference filters,
audio tuning forks (which we now have) for markers the spec-
trogram can be very accurately calibrated without having to use
the zero mark of the wave analyzer as a reference mark.

With the above techniques on future tests, we should be able to measurabdly
reduce the computation errors now present.

So far, all of our tests and data reduction have indicated to us that this
system of measuring temperature with the interferometer spectrometers

will ultimately perform as well as we expected.

Sincerely,

TEXACO EXPERIMENT INCORPORATED

R. E. Canup
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C. Determination of the Zguilibrium Ternperature

of the Sojar Shield

The portion of direct solar energy which is absorbed by the shield
is representec by

L 4 .
Ggy = 9 Egu AF, ., Tgu - (32)

where
Gg, - solar energy absorbed, kcal/hr

¢ = Stefan-Boltzmann constant, kca‘;/hr—mz-"l{‘
Eg, = absorptivity of the shield for sclar radiation (0.26)
A = area of the shield (0.0594 m?)
F,qy = configuration factor, (r/R)? cos a = 18.7 x 10°¢
where r = radius of sun
R = distance {rom the sun to the surface

e = angle of incidence when maximum area is sub-
jected to solar radiation

Tey © temperature of the surface of the sun (600C°K)

The energy which is radiated into space by the shield, qgh, is repre-
sented by

_ 4 4
QSh‘“FetFatAI(Tl - T2)
where

.4 * emissivity of the outer surface of the shield in
the infrared range at 300°K (G.&0)

F_ . = 1 (since the surface is radiating in all directions
into space)

£, = area of the shield {0.0594 m?)
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I, -~ absolute temperature of the shield
z - absolute temperature of space (40°K)

The energv which is radiated from the lower surface of the shield is
represented by

Soy * 7 Feb Fap Ar(Ti* = T
where
Feop 7 emissivity of the lower surface of the shield (0.05)
Fap = 0.8 from chart (33)
T3 = absolute temperature of the inner shield (120°K}

The temperature of the shield will increase until thermal equilibrium
exists where

9su = 9sh * Ggh,

Substitution and rearrangement give

. ,
« _BEsuFasuTgy + FetFatT,' + Fep Fap Ts*
=

Fetpat+FebFab

3
i

294°K
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Zne rgy Transfer between the Heater

Plate and Lunar Surface

The maximurn erergy transferred from the heater piate to the lunar
surface i1s represented by

where

Fe

3

i

If {factors T4 anc Fe

wo.uld be:

T Fe FaA(THA -7 (33)

energy radiated from the heater plate to the
lunar surface

Stefan-Boltzmann constant {4.96 x 1078 kcal/hr-
Z oyré
m--°K

factor to allow for the departure of the two sur-
faces from complete blackness, a function of

the emissivities E; and E, where E; is the emis -
sivity of the heater plate radiating surface (0.94)
and E, is the emissivity of the lunar surface (1);
this value of E, will assume that all of the heat
radiated to the lunar surface will be conducted
away

Fo=E E;=0.94
configuration factor, a function of the configuration
of the surfaces, is found in reference 33. Con-
sidering the surfaces to be disk shaped and con-
nected by nonconducting reradiating walls, a
value of 0.8 is found for Fy
area of the radiating surface (0.0506 m?)
temperature of radiating surface (400°K)

temperature of the lunar surface (120°K)

48,0 kcal/hr = 55,3 watts
are not considered, the maximum power required
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As the lunar surface approaches the temperature of the heater plate,
the encryy transferred between the two will be recuced. Figure 58
shows the cha:ge in power requirements of the device as the tem-

peraturc of the lunar surface increases.
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FIGURZ 58. EFFESTS OF LUNAR SURFACE TENPLRATURE ON HEATER-
PLATE POWER REQUIREMENTS
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Z. Determinatior of the Heater-plate Conductor Configuration

The conductor will take the form of an Archimedes spiral having the

equation:
r = af
d0 =dr/a
where
r = radius
a = constant which determines the pitch

<D
i

= angle in radians

The length of the arc, 1, is given by

1=1r0

dl = rd®

and substituting for d6:
dl = rdr/a
£y »
1 14.9 ]
I=—= = — =11.8
a ey T 2a lo.e2 T /a

spacing between center lines of the Cu segment
2m

Wt e

2

where W is the width of the segment and ¢ is the clearance {0.015
inch); thus

W = Zma - 0.015
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The resistance of the conducter, R, which is 3.5 ohms at 293°K, is

represented by

where

o]
1

resistivity (0. 673 ohm-in.

1 = Jength (11.8/a)

U
b

Cross-sectional area or tW, where ¢ is the
thickness of the conductor {0.003 inch)

Substituting, rearranging terms, and solving for & give

a=0.01227 inch

W = 0.06209 inch

1 =961.7 inches

R = 3.500 ohms
=184 -
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=« Memorandum Recommending Removal of Surface Density

instrument Elevating Le gs

4 April 1962

TO: R. E. Canud
FROM: R. Clinarcd
SUBJECT. Eleveting Legs —Surface Density Instrument, Removal of

Early testing carried out in the feasibility study for the surface density
instrument indicated that the response curve obtained was double
valued, and thus an ambiguity would exist as to which side of the curve
a sample material should fall. It was found that the ambiguity could

be resolved if a second set of readings were made with the counter tube
end of the instrument raised a few inches above the surface. This re-
sults in a decrease in the effective or measured volume causing an in-
Crease in counting rate for the heavier material and a decrease in
counting rate for the materials to the left of the maximum point of the
curve (p = 0.3 g/cma) . This technique was demonstrated using a
development model surface density instrument. The resultant data
were as follows:

Material Density, g/cm’ Counting Rate Change
Balsa 0.17 7.8% decrease
Lava 0. 65 5.0% increase
Chalk 1.93 58. % increase
Marble 2. 64 100. % increase
Barium Sulfate 4.26 160. % increase

Note: These resuits obtained with counter tube end raised 3 inches

As a result of these tests it was decided that a set of legs woulc be
attached to the density instrument sc that two-position measurements
could be made. The instrument would land in the raised position, a
reading would be taken, the legs would be released by means of an‘ex-
plosive pin puller, and a second reading made.
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the first prototype surface density instrument

with the leps attached were as follows:
] . 1 .

Material Dcnsny, g/cm' Ccunt.ng Rate Ch;xnge
Balsa 0.17 . 7% increase
Lava 0. 65 v. 9% increase
Chalk 1.93 5. % increase
Marble 2. 64 106. % increase
Parium Sulfat» 4,26 134, % increase

it can be seer from these data that the counting rate did not decrease
{or balsa woci as belore. This probably resultec due to scattering
taking place from such added assemblies as the legs themselves, the
pin puller housing, or the geophone and housing.

Prior to initiating a development program to determine exactly what
factors materially affect the response and how the instrument could
be modified to correct the problem, some though: was given to the
desirability of deleting the legs all together. The advantages and dis-
advantages of removingthe legs are listed below.

Disadvantages

1. Resolve the ambiguity in the response curve. Without the legs
there wil! be an uncertainty involved if the lunar density is be-
tween approximately 0.1 and 0.3 g/cmj.

Advantages

e Simpiify ‘abrication and assembly. The following pieces would be
zliminatesd:
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Total

Reaq'd Name Weight, 1b

1 Adaptor, Cornector, Pin Puller - 0055
1 Cover, Wire, Tube, Pin Puller . 0050
A/R Adhesive EC 2086, Minn. Min. and Mfg. Co. .000:
i Bushing, Support . 0005
2 Bushing. Guide . 0011
R Leg, “levating < Ota 0
2 Oifset Bushing, Guide . 0031
1 Bracket, Pin Puller .Cile
i Sleeve, Pin Puller .C008
4 Wire No. 22 Hook-up . 0096
1 Squib .0233
1 Pin Puller .1190
2 No. 8-36 x 3/8 RHMS. St. St. .0057
! Connector, Bendix PTSO6A-8-4-S (300) .0178
4 No. 8-36 x 1 RHMS St. St. . 0256
3 Nut, Hex, 8-36 St. St. .0026
4 No. 5-44 x 7/16 RHMS St. St. . 0050
30 . 2799
2. Reduce weight. The above pieces account for a total of 0.2799 1b.
3. Improve reliability. The fewer number of pieces present, the
, higher the reliability of the over-all instrument. The reliability
of such items as squibs, pin pullers, and connectors, although
constantly improving in design, have not yet reached a reliability
level as high as desired.
4. Improve mechanical integrity. The instrument will be less likely
to fail as a -esult of shock or vibration.
5. Simpiify spicecralt sequencing and manipulations. Eliminate need
for second gersity reading and program for firing the pin puller.
6. Reduce envelope requirements. The height required would be re-
duced by approximately 1.5 in.

Improve positional stability. The c. g. would be located on the in-
strument centerline, and the device would not have to land in a tilted
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position. The danger of toppling when the leas are released
wouid be elirminated.

It would appear fromin the above consideration tha’, unless trere is a
Very sirong possibiity that the Junar density is below 0.3 g/cm3, it
wouid Le quite desirable to delete the Jegs and associated assemblies

from the surface dersity instrument. Even if the lunar density is less
than 0.3 g/cms, the data obtained related to cthe - parameters such as

hardness and acoust'c travel time should help resolve any uncertainty
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G. Menorancum Recommending Addition

l(.)

Shield Cone liousing
o}

4 April 1962
TO: R. E. Canup

FROM: R. Clinard

SUBJECT: Shield Cone Housing—Surface Density Instruments,
Addition of

It is recommended that the Surface Density Instrument be modified
to include a housing to be attached to the cone shield section to en-
close the source-holder assembly in the extended position. The
reasons for including such a housing are:

1) Shield the scurce holder mechanism from any damage which
might be encountered as the density instrument is lowered with
source extended.

2)  Insure that there would always be space available so that the
source can be extended.

)

~——

Completely #nclose the source-positioning mechanism to pro-

tect it from foreign materials such as dust or fine chips.,

An :ncrease in the outline envelope may be required in order to include
this modification. Since development work is presently being carried
out 1o optimize the shielding and source-positioning requirements, the
exact increase in length is not known. It is estimated at not over one
(1) inch.
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H. Memorandum Discussing the Feasibility of Using a Charge
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Amplifier with the Penetrometer

December 2, 16641
TO: R. E. Can~1p
FROM: W. L. Hall
cc: V. M. Barnes, Jr.

SUBJECT: Feasibility of Using a Charge Amplifier with the Penetrometer

The penetrometer (an instrument for measuring hardness of lunar
surface) uses an Endevco accelerometer Model 2233 M-11 witnh a sensi-
tivity of 37.8 mv/g peak to peak or 30.8 pcoul/g. This sensitivity
varies slightly from accelerometer to accelerometer. The feasibility
measurements were taken with 3 ft of cable having a capacity of 94 pf.
The normal output from the accelerometer is approximately 378 mv for
sand (10 g's) to 49 volts for quartzite (1300 g's) or a charge output
from 308 pcoul to 40, 000 pcoul {(drop height, 3 inches). Feasibility
measurements were made with the Endevco charge ampiifier Model
2620, as it seemed to be the most practical unit to amplify the acceler-
ometer output. It is available as a tested flight unit, is subminiature

in size, has low power requirements, 28.5 v dc *#2.5 v dc at 25 ma, and
has an output from 0 to 5 volts peak to peak. The only problem in using
the Model 2620 s that high outputs from the accelerometer cause clip-
ping of the signal; therefore, direct reading can not be obtained.

A series of tests were made to determine if it was possible to attenuate
the output from the accelerometer enough to keep the signal from being
clipped on the h'gh outputs and still be able to get sufficient output

when the penetrometer was dropped on sand. After numerous tests the

circuit in Figure 59 was chosen.

All accelerometers are shipped with individual calibration charts. The
accelerometer that was used for the following tests had the following
factory calibration:
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Sensitivity in peak mv/peak g (Eg) =31.3
Acceierometer capacity in pf (Cp) = 80
Sensitivity in peak pcoul/peak z (qs) = 37.3

with low-neise cable approximately 120 inches lIong with capacity

of 300 pf where gg = Eg (Cp + external capacity) x 107 .

The output from the accelerometer circuit or input to the Model 2620
amplifier was found by the followinc method:

gs = Es{Ct) x 1073

I

31.3 mv (38.3 pf) x 1073

1.2 pcoul/g

where Es is the accelerometer sensitivity voltage and Ct is the measured
capacity of the accelerometer circuit.

Since the gain of the amplifier was set at 2.4 mv/pcoul and the input tc
amplifier was .2 pcoul/g, the output was calculated to be 2.88 mv/g.

After this circuit seemed usable, comparisor. tests were made on
various materials with both the charge Amplifier Model 2620 and the
high-impedance amplifier Model 2607. The circuit for the Model 2607
was the same as used by Bellaire Lab. The circuit is shown in Figure

60.

The measured results of these comparison tests are given in the attached
table. The scries capacity added to attenuate the signal input to the
charge amplilier must be changed when the cable length is changed if

the input to tiie amplifier is to remain constant at 1.2 pcoui/g. However,

this change is small compared to the change in cable iength. For example,

when 3-7t cable was used, the input to amplifier was 1.2 pcoul/g. When

13 ft of cable was used, the input to arnplifier was 1.6 pcoul/g.

In the final design when it is known what the exact cable length between
accelerometer and amplifier will be, the size of the attenuating capacitor
can be easily calculated to give 1.2 pcoul/g input to amplifier.

From compa~-ing the photographs and the tabulated experimental data, it

appears that the charge amplifier Model 2620 can be successfully used to
arnplify the accelerometer output.
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ok MODEL -
2620 AMPLIFIZ i OLTPUT,
2.63 mv/g

5

T

]

o 2=
i GAIN, 2.4 mv/ncoul

I

FIGURE 59.CHARGE AMPLIFIER CIRCUIT

C, ACCELEROMETER CAPACITY (890 pf) Cy= 38.3 pf (MEASURED CAPACITY OF
Cz2 LOW-NOISE CABLE CAPACITY (9S4 pf) ACCELEROMETER CIRCUIT.)
Gy SERIES CAPAGITY ADDED TO ATTENUATE INPUT TO AMPLIFIER, 1.20 pcoul/g
SIGNAL INPUT TO AMPLIFIER (25 pt) (CALCULATED)
Eg ACCELEROMETER SENSITIVITY(31.3mv/g) OUTPUT SENSITIVITY, 2.88 mv/g
ACCELEROMETER
l l MODEL -
o ] L2 €Ll | 2607 AMPLIFIER OUTPUT,
6 2.6 mv/g
T GAIN, 20 db [

FIGURE 60. CONVENTIONAL AMPLIFIER CIRCUIT

Ci= 890 pf ACCTLERCMETER CAPAGITY Gy 0.00497 uf SHUNT CAPAGITY

C,= 94 pt CABLE CAPACITY Cq4= 1190 pf FACTORY CALIBRATION CAPACITY
THE OUTPUT FROM THE AMPLIFIER WAS CALCULATED AS FOLLOWS:

Es x AMPLIFIER GAIN x Caq

Ci+ Ca2+C

VOLTAGE QUTPUT =

= 62.6 mv/g

- “->
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Our limited cata indicated that this charge amplifier gives better re-
sults than the high-impedance amplifier originally used.

COMPARISON OF AMPLIFIER OUTPUTS

Measured Peak Pulse Width, Voltate Output

Acceleration. g's msec from Amplifiers

Model Model Model Model Model Model

Material 2620 2607 2620 2607 2620, mv 2607, v
Sand 18.7 24 14. 15. 5.4 i.5
Lead 132 200 0.94 0.94 360 12.5
Lava 163 166 3.8 4.4 470 10. 4
Austin Chalk 208 240 0.7 0.7 600 15.0
Marble 434 447 0.3 0.32 1250 28.0
Tool Bit Steel 1360 1360 0.16 0.16 4000 75.0C

(Rockwell
Hardness C653)
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APPENDIX I

PENETROMITER CHECKCUT AND CALIBRATION PROCEDURZ

The complete checkout procedure for the penetrometer device consists of

‘ the following specifications:

1. 387-241-89
387-241-88

2. 387-2k1-97
387-241-96

3, 387-241-99
387-241-98

h. 387-241-95
387-211-9k4

5. 387-241-93
387-241-G62

Materisl Acceptance Test for Tip of
Penetrometer

Penetrometer Tip Material Acceptance
Check Sheet

Inspection Procedures for Peretrometer
Conicel Tips
Inspection of Penetrometer Conical. Tips
Check Sheet

Accelerometer Acceptance Testis
Accelerometer Acceptsnce Tests Check
Sheet

Checkout Procedure for Penetrometer
Penetrometer Checkout Procedure Check
Sheet

Penetrometer Calibration Procedure

Penetrometer Calibration Procedure
Check Sheet
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TE1 387-241-89 Page 1 of 1

©
r

vaterial Jsocceplance Test for Tiv of Penesroneter

=
ey

I. General
The material, AISI M-Z high-speed steel, will be purchased as 1/8-inch-
dismeter Rex AA tool bit, hardened snd ground to diasmeter in L-inch
lengths. Esach length will be gualified for use by checking the Rockwell
hardness of one end.
1I. Equipment KNeeded
A. Tool grinder or surface grinder
B. Rockwell hordness tester, C scale
III. Procedure
A. Each lengtlh of tocl stee)l will have a 3/h-inch-long flat ground on
one end, depth to be halfl the diemeter so as to expose the center of
the rod for checking. Cure will be taken not *o overheet the rod

and drew i1ts temper.

B. The nardness will be checked in two spots along the sxis of the rod
on the ground flat.

C. The Rockwell C scsle hardness must be sbove 60. Record.

vt

tch number of the tips to be fabricated from this

Record the ha
tockK.

length of =



TEI 387-241-88 Page 1 of 1

I Penetrometer Tip Materlsl Accevptance Check Sheet

Date of Test

Mfg. of Material

Observer
A. Material AISI M-2 tool steel (check)
Test No. 1 hardness (60 or above)

2 hardness (60 or above)

B. The tips febricated from this length of stock will be identified
as Bestch No.

I certlify that %o the best of my knowledge the test results above are valid.

‘ Signnsture
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367-241-G7 Page L of 1

Inspection Procedures for Peneirometer Conicsl Tips

General

The tip should be examined before installation ir its base. It is
important that s3ll tips be alike, because each tip carnot be calibrated
on the hsrder materials since one drop blunts the tip. Reproducibility
of the uncalibrsted tip must be insured by careful imspection.

Required

A. 0O-1 inch micrometer calipers

B. 6x comparstor with 60° sngle and 0.020-inch circle reticles
C. Drawving No. 1-00053%

Procedure

A. With micrometer, check length, 0.20 ¥0.010 inch, and diameter,
0.125 *0.001 inch. Reject 8ll units not within tolerance.

B. Check gngle and tip radlus with comparator; tip-radius deviation
should not be distinguishable under 6x observation; angie should

be withic 2°.

C. Examine tae tip for finlsh; no roughuness should be apparent under
6x observation,
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TEI 387-241-96 Page 1 of 1

Inspection of Pepetrometer tconicel Tips Checx Sheel

Date of Test

Batch No.

No. of Samples

Inspector

1. Diameter: All units not in tolerance discarded (check).
Tolerance limits €.200 %0.010 inch.

2. Length: All units oot in tolerance discarded {check).
Tolerance limits 0.125 %0.001 inch.

7. Tip radius conforms to TEI 1-00055 (check) (62° angle, 0.020-
inch radius oz tip).

L. Tip finish bas no roughness under 6x magnification (check).

I certify that all pointis vere inspected and that all sccepted units sre
within the tolerance limits specified.

Signature



oI 387-241-99 Page 1 of 2

I

I.

Accelerometer Acceptance Tests

Ceneral

A. ALl sccelerometers must be acceplance tested sccording to this
docunent before itney are used in the penetirometer or sonic devices.

B. fter the tests are performed, a ceriified copy of the completed
test sheetl for the particular accelerometer must accompany the
instrument in which the unit is Installed.

EZquipment Required

A. Shaske tatle, Ling Tempco Type, Model 219-CP-3/4 or equivalent

B. Amplifier, sccelerometer Endevco Type 2620

C. Hot and cold test box, Delta Type 1060W

D. Shake fixture TEI 1-00319

E. Oscilloscope, Tektronix Type 535 or equivalent with Type c/a
preamplifier

F. Low-noise accelerometer cable, Endevco 3090-36
G. Test Jig - dropped weight type TEI 1-00320
Environmental Tests

A. Temperature Cycling

1. Place trhe accelerometer in the temperature test box; raise
e tempersture to 150°C for 30 to 40 min.

2., After 30 min st JSd%)reduce “he temperature to -50°C end
h0ld Tor 30-40 min st -50°C.

%, TRaise tre legperature Lo roon tempersture and hold forr 30 min

4., Repeat steps 1, 2, and 3 three times. Record on check sheet,
Item 2.
B. Shock

1. Moun*t the accelerometer in the test Jjig.

rne weight 1o the test Jig and release. Resulting
s approximately 2200 Z's.

2. Raice %
Jotelad - ANbE
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3. Repeeat 1C tlmes; record Item 2,
Vibraticn
1. After the temperature cycling end shock testing hass been

compleled, mount the accelerometer on the sheke table
(fixture Tl 1-00319).

2., Vibrsite ihc accelerometer at a constant accelerstion of
10 g's over ihe freguency range of 25 to 500( cps. The
frequency shall be swept logarithmically frorm 25 to 5000
cps aud back to 25 cps in a total time of 30 min. Record
Item 3.

Ve Operation Tests - Vibratlon

A,

Connect the sccelercmeter to the accelerometer amplifier through
the low-nolse cable. Connect the output of the sccelerometer
amplifier Yo the oscilloscope Channel A. Set the gain of the
amplifier to 10.

Set gain of Chsunel A of the oscilloscope to 1000 mv/cm. Set
the sweep to 20 msec/cm.

Mount the accelerometer on the shake tsble. Set vibration equip-
ment to give 10 g's acceleration. Sweep the range of 25 to 5000
cycles in 10 min.

Connect the output of the vibration equipment sccelerometer to
Channel B of the oscilloscope. Set the gain to 1000 mv/cm.

Position the traces of the scope so that the outwut of the two
sccelerometers can ve viewed simultaneously.

Operate the vibraticn equipment. The output of the two accele-
rometers should be epproximately the same over tae Tull vibration
range. Record Item &,

Corclusion

The tests are designed to weed out early fa’lures. TRecalidbration of
the device 1s not required as impirical ce...:ctlon of the device
will be accomplished in the calibration procedures for the hardness
equipment,
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Accelerometor Acceplance Tests Check Cheed
Tate of Test Observer
Accelerometer No.
1. Temp. Cycle No. 1 min a8t 150°C (30-40 min)

Ny

Ternp. Cycle No.

Temp. Cycle No.

AN

Shock

Vibration

tout

I hereby certify that no evidence of malfunction, excessive noise, or other

min at -50°C (30-40 min}

min at room texp. (30 min. minimum)

min at 150°C (30-40 min)

min at -50°C (30-40 min)

min st room temp. (30 min. minimum)

min at 150°C (3040 min)

min at -50°C (30-40 min)

min 8t room temp. (30 min. minimum)

No. of shocks (10 or more)

Approximately 2200 g's

Sweep range (25-5000 cps)

Acceleration (10-15 g's)

Time of vibration (30 min. minimum)

Output of accelerometer spproximates thst of std.
(check)

incident occurred during these tests which would indicate that there was

resson 1o believe that this accelerometer would fail under proposed space- )

craft usage.

o San

Signature
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II.

o

Checxout Procedure for Penetrometers

A. 1/16-inch-dlameter pin punch

B. 0.030 ¥0.0005 inch brass pin 2 inches long (or Microdot plug)

C. 1/B-inch screw driver

D. 0.018-inch feeler gauge

E. Scsale, 0-100 grams

Procedure

A. Check tightness of conlcal tip in base of penetrator; tip should
rewain in plsce under finger pressure on pin punch from rear
{(1-4 1b) (come tip unit only).

B. Examine scceleroneter electrical connectlion. Taread should be
clean; center socket should grip 0.030-inch pin; Teflon inmsulation
should be clean and smooth.

C. Msxe sure the stud 1s snug in the sccelerometer.

D. Screw the tip cnto the accelerometer stud; it should run up
uatil the spauce between the sccelerometer and penetrator is less
than shim thickaess.

E. Weighteach accelerometer (with stud) with 0.020-inch-dismeter
stainless steel wire to 3h.1 *0.05 grams for use during calil-
tration. Remove after final inspectlon.

= Tmspect each pracsrometer inltlelly after sssemdbly snd finally
@uer calloraiion,

G. Measure finsl delivered veights, with and without tip, to the nearest

0.0005 1b. Do not ipclude the wire weight.
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Tepe*rometer Checkout Procedure Check
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E s ]
Initisl

nopection

Device No. Date

Page 1 of 1

Tip, cone inepector

spherical

1. Conicsal tip remsins in place under 1-4 1b
pressure (not applicable to spherical tip).
2. Threads of connector are clean.
3, Center connector grips pin.
L. Teflon insulation clean and smooth.
5. Stud is sested firmly in accelerometer.
6. Clearsnce between t1p end body is less
t+han 0.018 inch
7. Weight of weighted accelerometer with
stud in grems (3:.10 %0,05 grams).
8. Weight of sccelerometer with stud to
nesrest 0.0005 1b,
9. Finsl delivered welght to nearest 0.0005 1b.
~ ¢2:tily that there 15 no evidence of camage to this penesrometer cevice or

Lhat taere is &ny recson 1o believe that this device will fail under the pro-
poseG spacecraft usage.

Signature
(final inspector)
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go)

enctrometer Callbration Procedure

Genersl

Accelercmeters which have successfully pessed the acceplance tests
(TET 357-241-93%) ere empirically calibrated for the p-aetrometer
g,

vxperiment. Thae callibrsilon Is to be sccomplished in sccordsnce with

toks document.

Equipment Reguirec.

A. Test fixture, TEI No. 1-00034

B. Urethane foasm test block

C. Gum rubber test block

D. Eard rubber test block

E. Aluninum test block

F. Steel test block

G. Test box, TEI No. 1-00318 (with Endevco 2620 charge amplifier)
H. Hot snd cold oven, Delta 1060 or equivalent

I. Gscilloscope, Tektronix 535 or equivalent

J. Oscllloscope Caméra

K. Chromel-constsntan thermocouple, 40 B and S or equivalent

L. Thermocouplie recter, Keithley Qﬂvoltmeter No. 149 or equivalent
¥. ot eir blower, Alpha Heat Gun HG-1 or equivalent

N. Dry ice and scetoae bath for cooling

0. Impedance bridge, ESI Model 250 or equivalent

P, Signal generator, Hatheway Model N-2

Q. AC Voltmeter, Bellantine Model 317

R. Calibration Cleck Sheet, TEI No. 387-241-62
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III. Procedure

A, Calculatiorn. of Cutput Sepsitivity

Page 2 of 4

1. Conaocc’ the circuit as shown on TEI 1-C0310 snd the schematic

Gisgrar. below.

ATTENUATOR
CAPACITOR

il
i

-

]

i
. LINE
ACCELEROMETER' ! = capaciTy

- o—e - wd o =t e

TOTAL CAPACITY, Cy ‘J

AMP_IFIER
24 mv/pcoul

! T0

SCOPE

|

2. Disconnect the Microdot connector from the input terminal of the
cherge amplifier snd connect it to the impedance bridge. MNeasure
the totsl. capacity of the accelerometer, line, and awtenuating

capacitor, Ci.

3. Calculat= the voltage sensitivity of the system by mesns of:

System Eg = Cy X Eg x 2.4 x 1073 mv/g

using,

&. the total capacitance, Cy, in pf, meassured in (2),

o, th2 oharse amplifier gsin, 2.4% mv/peoul.
%4 P & y

b. th: voltage sensitivity of the accelerometer, Eg, in
ak mv/peak g, from the factory calibration chart,

L., Copy the manufacturer's celibration onto the check sheet in the

space provided.

B. Calibration of Materials

1. Set up and level the calibration test Jjig.

2.

.

gccelerometer and tlp assembly in the test lig.
accelercmeter to the tip assembly to 18 in.-1b torque.
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Position the arm s0 that the tip 1s 3 inches above the test
sample and the pivot is 8.5 inches sbove the test sample.

Place the first semple under ihe drop point of the penetrometer.
Festen 1% securely to the base.

Coonect “he accelerometer to the test box.

al generator %o the oscillos:ope imput and

Cornect 4Lhe sim
eiver to measure the volitage iaput.

tre ac volim

Set the required voltage input and adjust the oscilloscope
gain to i1l the 6-cm vertical grid exactly.

Calibration Settings and Voltege Correction for
Model 317 Bsllantine AC Voltmeter, Serial No.66

Test Block Voltmeter Corrected Oscillograph
NMaterial Reading, rms Voltage, Swzep,
uv/6 cm nv/6 cm msec/cn
Foam (cone) 15.00 15.00 5.00
Gum rubber (spherical)  5k.00 53%.95 1.00
Gum rubber (cone) 36.00 36.00 1.00
Hard rubber (cone) 90.00 89.58 0.50
Aluninum (cone) 280.00 277.30 0.10
Mild steel {cone) $00.00 599.50 0.0%

T. Set the required sweep and replace the calibration circuit with
the test circuit. Turn the test box on.

8. Adjust the oscilloscope sync-trigger mechanism on the test Jig
50 that the output from the peuetrometer falls in the center of
the sweep. AdJust the base line to fall Just below the top
horizonial grid line of the oscilloscope.

9. Drop the penetrometer from a height of 3 inches, come tip to
wop of ganple, and record tae oscilloscope pattern with %
cecLlliostope camera. Repest Lne test and maxe a second pilcture.

10. Repeat this for each test. Reposition metal samples for each
drop to present a smooth surface,
11. Record for each sample on the datas sheet:

a. Datc
., Observer
T. Devlice No, snd Accelerometer Serisl No.

d. Ildertificetion of oscilloscope records
-2G7-
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C. Calibratloa st Temperatures

1. Get up equipmnent as in A, using a 3-iach c¢rop helght on the
u

2. Remove the entire pivoting acssembly, whick comprises +he
accelerometer, mpoun’, and arn. Tape a thermocouple to the
outsice of the accelerometer.

3. Soax the assembly io the oven at test temperature for & half
bour. Then ossemble fixture rapidly; conrect thermocouple to
meter, Use external source, biower or bath, to bring TC read-
ing to test lemperature. Record the results of two érops as
in A, bringing TC temperature back to test tempersture between
tests 1f necessary. Test at the following temperatures.

a. -65°C (-85°F)
b. +125°C (257°F)

4. Record as above. Do not sllow the hot or cold penetrometer to
rest on the test block any longer than is necesssry, since a
change in temperature of the test block mey vary the resultis.

D. Preparstica for Final Inspection
1. Remove the penetrometer from test fixture and clean 1t up.

2. Repeat checkout procedure on each unit.

3. Assemble them in the shipping carton.

X, Computation
1. IHavipg established the system voltage sensitivity (system Es):
calculate the vertlcal semsitivity (0.4T71k x corrected rms
calibration voltage) and thea the g sensitivity (versical
sensivivity + system EB).

2. Megsurs toe pulse aeight and width in centimeters on +the oscillos-
cope record. Widih is measured at the base lline; where departure
from the base line Is in question, extend the tangent at a point
on the curve 0.5 cm below the base line,

3.. Calculate pulse height in g's (g sensitivity x measured pulse

height) and pulse width in milliseconds {sweep x measured
pulse width).

-208 ~
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Penetroneter Calibration Procedure Checlk Sheet

Device No. Date
szeelerometer Ser. No. Observer

Sensitivity in pesk mv/pesk g (Eg)

Sensitivity in rms mv/peak g (Ec)

. Accelerometer capacity in pf (Cp)

Sensitivity in peak pcoul/peak g
=Eg (cp + 300) x 1073

Maximum transverse sensitivity in %

Note: 300 pf total external capaclty added for all sensltivity
calibrations.

Frequency 20 50 100 200 400 1000 2000

% Deviation

4000

Calibration date

————
Accelerometer Circuit:
ATTENUATOR
CAPACITOR
] 11
; 1
o [
ACCELEROMETER rj ! p— LINE ‘ AMPLIFIER E 1 1o
P — .
i g CAPACITY 24 mv/pcovl : ?'SCOPE
S § { —_— )
! b
‘ TOTAL CAPACITY, ¢y <~
Lo 7+ 20 magohma (MEASURED!
C<130.6 pf (MEASURED)
Accelerometer circuit Cy = pf (messured)
——m et ptreraa . A

Accelerometer Eg = peak mv/peak g

System Ej = Cs x E5 x 2.4 x 10-3=

Aceeleromoter with 3buc welgzhted to f0.0S grams
& —_——

feaetromever ststic lord og <est block = 71 grams
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APPEIDIX J

GEOPIONE INCOMING ACCEPTANCE TESTS

Genersl

A.

All geophoaes must be acceptance tested sccording %o this document
vefore soey arz used in the acoustic sensor device.

Acter the Tests sre performel, 8 certified copy of ike completed
+est sheet for the particular geophore must accompany the device
in which the unit is installed.

Equipuent Required

A.

B.

TEI test box 287-462-00-00

Oscilloscope: Tektronix Type 535 with Type c/a plug-in
preamplifier

Oscillstor: Eathaway Type N-2 or equivalent

Breskdown tester: Hsthaway Cc-6B or equivalent
Impedance bridge: ESI 250 DA or equivalent
Oscilloscope camera ‘

Shake tavle: Ling Tempco Type 219-CP-3/4 or equivalent
Hot and cold test box: Delta 1060W or equivalent

Shake fixture TEL 387-466-0A

Standard georhoae

Test Jig - dropped welght TEL 387-L64 -0A

Ceneral Testis

k.

td

Check the piiting of the geophone. It should be nickel.
Record Item .. on Geophone Check Sheet.

Resistance Tesgis
1. Connect geophone to test box.

2. Set geop-ome in en upright position (threadec. end down).
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noedeace bridge, measure the ce resistance beiween the
~ecistance Lest termlnsls on the test bex. The resistance
should ne about 215 omms. Record Item 2.

3. Svitch the test bor to "Res. Test" position. With the
i r

ve +he igpedance bdridpge and checx for electrical

wn beiween case and coil with the bresxdown tester.
e ~hould be no breskcown with 500 volts dec spplied
for % wmia. TFecord ltem 3.

IvV. Operationnl Te¢sts
A. Vibration

1. Connect the output of the geophone to the geopnone tes?
box, TEI 387-462-00-00.

2. Connect the standard geophome to the "Std." input of the
test box.

3., Set the test box to "total dsmping." Conrect the "A"
vertical input to the oscilloscope to the respectlve ter-
minals on the test box. Set the scope sweep length %o
20 msec, set the "A" verticsl loput sensitivity to 200
mv/cm. Connect the "B" vertical input to the 3 output on
the test box; set the "B" verticel input =0 200 mv/cm.

L. Mount the geophones on the shake table. Set the vibration
equipnent to give constant velocity of 1 in./sec. Set to
sweep the rarge of 25 to 3,000 cycles in 10 min,

5. Position the traces of the scope SO that <he output of the
two geophones can be viewed simultaneously.

6. Operate the vibration equipment. The output of the two
geophonzs should be approximastely the same over the full
vibraslon renge. Record Item L.

(%)
.

Resonant rrequency

1. Comnect geopoone to test box, Switch the test box to
"Resonant Freq." position. Connect ihe oscillator to the
proper terminsls. Set the oscillator output to 13.5 volts

(no load) or 0.3 volts (plugged into test box) and 20 cycles.

n

Connect the vertical and horizontal inputs of the oscillos-
cope 0 the proper terminals oro the test box.
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Adjust the zain of the verticsl chsanel to give sbout 4 cm
cefliecticn >n ine screemn. Pusision the trace in the centier
of the screzn.

ope for horizontal input, remove the veril-

:rily, and adjust the geii. o the horizcatal
nm deflectlon. Positlon itle trace in the

center of

Recopnect toe verticel Input. The resultant trace should
be an eiongated elipse at an ancle of 4S°.

Adjust the f{requency of the oscillator until the resultent
trace is a single-line closed elipse. This is the resonant
frequency of the geophone. Record Item 5.

Self Damping

1.

2.

Switch the test box to "Self Damping" position.

Set the oscilloscope vertical input to dc and gein to

200 mv/cr. Set the sweep time to 20 msec/cm. Set the
horizontsl display to single sweep; set the triggering
slope to "Int.+", stability to O, and triggering level

he oscilloscope cemera; set the scale Lilumi-
£-11; turn oscilloscepe intenslty off; pre-
tds for 1 sec; turn scale illumination off;
oscope intensity to O.4 of full scale,

o Gt
N

L adiL)

Close snd hold shut the dasmp test switch on the test
box. Press reset button or oscilloscope cpen sbhutter
of camera,

Relesse the damp test switch., This removes Lhe voltage
from coil end sllows the geophone to vibrate freely.
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6. The

Page b of S

resuliant wave form should be as shown,

7. Meusure height of Ay and A, and record Item 6 on Gecphone
Chieck Sheet.

8. Divide A; by Ao and record “his value (6} on Geophone
Check Sheet.

9. Take A;/Ap value; use Damping Curve Sheet, Figure 61 to

find Dbg.

Total Dsmping

Record Item 6.

1. Switch the test box to "Totsl Damping.”

2. Repea* Steps 1 through 5 above.

3, Mesmsure Ap snd Ap and record I

Sheet.

em 7 on Geophone Check

L. Divide A; by Ao snd record Item T on Geophone Check
Sheet.

5. Take Ay/Ap value, use Damping Curve Sheet, Figure 6X,

%o find bt'

Record Item 7.

Qutput
1. Follows stens 5 through 7 on Geophone (reck Sheet, where
Ey = nstural frequency bt = total demping
(Step C) (Step E)
r = coil regisgtance m = 4.00 grams (moving
{Step B-3) mass of geophone)
by = self damping R = 500 ohms (load
{Step D) resistor)
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2. The output should be about 0.110 volts/cm/sec. Record
Item 8.

V. Tavironmeatal Tests
A. Temperature Cycliag

1. DPlace +he geooshone in the temperature test box and ralise
whe tenperatuce to 150°C for 3%0-40 nmin.

2. aAfter %0 min at 150°C reduce the temperature to -50°¢C
and hold for %0-40 min at -50°C.

3. Raise the temperature to room lemperature snd hold for
%0 min Or more.

4., Repeat Steps 1, 2, and 3 three times. 3Record Item 9.
B. Shock

1. Mount the geophone in the test jig.

2. Reisc the welght In the test Jig and release.

%. Repeat 10 times. Record Item 10.

C. Vibratioa

1. After the temperature cycling and shock testing bas been
complieted, mount the geophone on the shake table (fixture
TEI 387-466-0A).

2. Vibrate the geophone at a constant acceleration of 10 g's
over the freguency range of 25-5000 cps. The frequency
shall De swept logaritnvically from 25-5000 cps snd back
40 25 2ps in a total ii + of 30 min. Record Item 11.

VI. Repest IV, B, C, D, and E.
TTY

+l. Concliusiot

These tests are designed to weed out early fallures as well as
verify that the voltage characteristics of the device are normal.
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Geopnone Incoming Acceptance Check Sheed

Jgete of Test Geophone No.

Chserver

Plstlng of gecphone is nicxel (check).

Resistance of coil ohms, 215 ¥ 25 omms (at 70°F).

There 1s no breaxdowna with 500 volits dc spplied (check).

Output voltage of the geophone approximates that of std. (check).

The resonasnt frequency 1s _ cycles, 26 * 3 ¢cps.

Open circuit damping: A; , Ao , Ay /Ap , bo .
Total dasmping: load resistor, S00sA; , As , Ai1/As ,
by .

(bt - o) (R+r) (R+r) x (bt = Do) .

Output = A bnFy M(F+r)(by - bo) x 1077

7.07 % 1072/ Pp{R+r){bg - bo) x 1072

Output: Volts/cm/sec , ( volt ¥ ).
Temp. Cycle No. 1 min at 150°C {30-40 min)

min 8t -50°C {30-40 min)

min a8t room temp. 30 min. miairmum)
Temp. Cycle No. 2 min at 150°C {30-40 mi;)

min at -50°C (30-40 min)

min at room temp. (30 min. minimum)
Temp. Cycle No. 3 min at 150°C 30-40 min)

min at -50°C {30-40 min)

min at room temp. (30 min. minimum)
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1C. Shock No. of shocks: (10 or more).

11. Vibratiom Sweep range (25-5000 <ps).
Accelerstion ‘ 10-15 g's).
Time of vibration (30 min. minimum).

I hereby certify that no evicence of malfunctlon, excessiv: noise, or other
incideats occurred dur.-ng these tests wihlch would indicate that there wvss
reason to bellieve thst this geophone would fail under proposed spacecraft
usage.

Signature

-2i8~




